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ARTICLES OF INCORPORATION 


THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 


STATE OF NEw York, 
City AND County oF NEw York. 


We, the subscribers, Wm. H. Wess, CHas. H. Cramp, GEorGE E. Weep, H. TAyLor 
Gause, WILLIAM T. Sampson, Horace SEE, FRANK L. FERNALD, FRANcIS T. BOWLES, 
WasuHincTon L. Capps, Epwin D. Morcan, GrorcE W. QuINTARD, HARRINGTON PutT- 
NAM and Jacos W. MILLER, being persons of full age and citizens of the United States, of 
whom a majority—namely, William H. Webb, George E. Weed, Horace See, Edwin D. 
Morgan, George W. Quintard, Harrington Putnam, Frank L. Fernald, and Jacob W. Miller 
are citizens of and residents of and within this State, desiring to associate ourselves for 
scientific purposes under, and pursuant to, an Act of the State of New York providing for 
the incorporation of benevolent, charitable, scientific, and missionary societies, passed April 
12, 1848, and the several acts amending or supplementing the same, do hereby, in accordance 
with the requirements thereof, certify as follows :— 

First. The name of title by which the Society shall be known in law is THE SocIETy 
oF NAvAL ARCHITECTS AND MARINE ENGINEERS. 

Second. The particular business and objects of such Society are the promotion of 
practical and scientific knowledge in the arts of shipbuilding and marine engineering and the 
allied professions, and in furtherance of this object, to hold meetings for social intercourse 
among its members, and the reading and discussion of professional papers, and to circulate 
by means of publication the knowledge thus obtained. 

Third. The number of directors, trustees, or managers to manage the Society shall 
be seven, and shall consist of a President, a Secretary, and five Members of Council. 

Fourth. The names of the trustees, directors, or managers of the Society for the first 
year of its existence are :—President, Clement A. Griscom; Secretary, Washington L. Capps; 
Members of Council, Francis T. Bowles, H. Taylor Gause, Chas. H. Loring, Lewis Nixon, 
Harrington Putnam. 

Fifth. The business of the Society is to be conducted, and its place of business and 
principal office is to be located, in the City and County of New York. 

In Witness WHEREOF we have made, signed and acknowledged this Certificate, this 
28th day of April, 1893. 


WILLIAM H. WEBB. FRANCIS T. BOWLES. 
CHAS. H. CRAMP. W. L. CAPPS. 

H. T. GAUSE. E. D. MORGAN. 

GEORGE E. WEED. GEORGE W. QUINTARD. 
W. T. SAMPSON. HARRINGTON PUTNAM. 
HORACE SEE. J. W. MILLER. 


F. L. FERNALD. 
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City AND CouNTY OF NEw YorK, Ss: 

On this 28th day of April, 1893, before me personally appeared William H. Webb, 
Charles H. Cramp, H. Taylor Gause, George E. Weed, William T. Sampson, Horace See, 
Frank L. Fernald, Francis T. Bowles, Washington L. Capps, and Edwin D. Morgan, to me 
known and known to me to be the persons described in and who executed the foregoing cer- 
tificate, and severally acknowledged to me that they executed the same. 

JAMES ForRRESTER, 
Notary Public, Kings Co., Cert. N. Y. Co. 


City AND County oF NEw York, ss: 

On this 1st day of May, 1893, before me personally appeared George W. Quintard and 
Harrington Putnam, to me known and known to me to be the individuals described in and 
who executed the foregoing certificate, and they severally acknowledged to me that they exe- 
cuted the same. 

James ForRESTER, 
Notary Public, Kings Co., Cert. N. Y. Co. 


Ciry AND CouNnTY OF NEw YorK, ss: 

On this 9th day of May, 1893, before me personally appeared Jacob W. Miller, to me 
known and known to me to be one of the individuals described in and who executed the fore- 
going certificate, and he duly acknowledged to me that he executed the same. 

JAMES FORRESTER, 
Notary Public, Kings Co., Cert. N. Y. Co. 


( ENDORSED. ) 


Upon reading the within Certificate for the Incorporation of the Society of Naval Archi- 
tects and Marine Engineers, I hereby approve and consent to the incorporation thereof and 
the within Certificate and filing thereof, and direct that the same be filed in the office of the 
Clerk of the City and County of New York. 

Dated New York, May 10, 1893. 

Epwp. PATTERSON, 
Justice of the Supreme Court in the State of New York, 
in and for the City and County of New York. 


CONSTITUTION AND BY-LAWS OF THE SOCIETY OF NAVAL 
ARCHITECTS AND MARINE ENGINEERS 


ARTICLE I. 
Name and Object. 


1. The name of the Association shall be “THE SocreTy or NAVAL ARCHITECTS AND 
MarINE ENGINEERS.” 

2. Its object shall be the promotion of the art of shipbuilding, commercial and naval. 

3. In furtherance of this object, annual meetings shall be held for the reading and dis- 
cussion of appropriate papers and interchange of professional ideas, thus making it possible 
to combine the results of experience and research on the part of shipbuilders, marine engi- 
neers, naval officers, yachtsmen, and those skilled in producing the material from which 
ships are built and equipped. 

ARTICLE II. 


Membership. 


1. The Society shall consist of Members, Associates, Juniors, Honorary Members and 
Honorary Associates. 

2. Members.—(1) The class of Members shall consist exclusively of Naval Architects, 
Marine and Mechanical Engineers, including Professors of Naval Architecture or Mechanical 
Engineering in colleges of established reputation. 

(2) A candidate for this class must not be less than twenty-eight years of age and 
comply with the following regulations: He shall submit to the Council a statement showing 
that he has been engaged in the practice of his profession, in a responsible capacity, for at 
least five years, and setting forth the grounds upon which he bases his claim to membership. 
This statement shall be signed by three Members, who shall certify to their personal knowl- 
edge of the candidate and approval of his statement. 

(3) In the case of persons not American citizens, the signatures of three Members 
shall be required in confirmation of their personal knowledge of the candidate’s scientific 
attainments. E 

(4) If three-fourths of the members of the Council present are in favor of the admis- 
sion of the candidate his name shall be submitted to the Members of the Society at the next 
meeting; the voting to be by ballot, should a ballot be demanded. 

3. Associates —(1) The class of Associates shall consist of persons who, by profession, 
occupation, or scientific attainments, are qualified to discuss the qualities of a ship. 

(2) Candidates for this class shall submit to the Council a written statement of their 
qualifications for membership; this shall be signed by two Members or Associates who shall 
certify to their personal knowledge of the candidate and approval of his statement. If con- 
sidered by three-fourths of the Council present duly qualified for associate membership their 
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names shall be submitted to the Society at the next meeting, to be voted upon by the Mem- 
bers and Associates; the voting to be by ballot, should a ballot be demanded. 

4. The proportion of favorable votes for deciding the election of Members and Asso- 
ciates shall be at least four-fifths of the number recorded. 

5. Juniors —(1) The class of Juniors shall consist of graduates of technical schools of 
established reputation, or persons who have had not less than two years’ practical experience 
in marine engine works or shipyards. 

(2) Candidates must be at least eighteen years of age and certify their intention to 
continue in the profession and become naval architects or marine engineers. 

(3) Juniors shall be eligible for transfer to the class of Members or Associates after 
fulfilling the necessary conditions; when they are twenty-eight years of age they shall be 
offered the option of being transferred to the class of Members or Associates in conformity 
with their qualifications; but if they do not accept such offer or do not qualify, they shall be 
dropped from the rolls of the Society. 

(4) The admission of Juniors shall be by a favorable vote of three-fourths of the 
members of the Council present. 

(5) Juniors shall have no voice in the government of the Society or admission of 
members. 

6. Honorary Members and Honorary Associates—The Council may elect Honorary 
Members and Honorary Associates, the total number not to exceed twenty-five. They shall 
be persons of acknowledged eminence in their profession upon whom the Council may see 
fit to confer an honorary distinction. 

7. Benefactors and Permanent Members.—The Council may establish a list of Bene- 
factors. It may also elect as Permanent Members of the Society such Members or Associate 
Members as shall, in the opinion of the Council, by reason of notably liberal contributions to 
the Society, merit special recognition. Permanent Members shall, from the date of their 
election, be relieved from annual dues, and shall have the right, subject to the approval of 
Council, to designate by will or otherwise, their successors. The conditions to be met before 
placing any name on the list of Benefactors and the regulations governing the election of 
Permanent Members shall be prescribed by the Council. 


ARTICLE III. 
Dues, Suspension and Expulsion of Members. 


1. The entrance fees, payable on admission to the Society, shall be as follows: 

Members and Associates, ten dollars; Juniors, five dollars; Honorary Members and Hon- 
orary Associates, no fees. 

2. The annual dues shall be as follows: 

Members and Associates, ten dollars; Juniors, five dollars; Honorary Members and 
Honorary Asociates, no dues. 

3. A member transferred from one grade to another shall pay the difference between 
the entrance fees of the two grades, and his annual dues shall be those of the grade to which 
transferred. 

4. The annual dues shall be payable in advance on the first day of January. The Secre- 
tary shall notify each member of the amount due for the ensuing year at the time of giving 
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notice for the annual meeting. On notification of his*election each member shall pay his en- 
trance fee, but annual dues for the current year shall not be required unless he desires to 
receive the published transactions of the Society for that year, in which case he shall pay 
five dollars in addition to the entrance fee. 

5. Members and Associates can compound for all future dues and become Life Members 
or Life Associates by making a single payment of two hundred dollars and signing an agree- 
ment to conform to any future amendments to the Constitution and By-Laws. 

6. Members are entitled to no return of fees upon severing their connection with the 
Society. 

7. Any member whose dues are more than three months in arrears shall be notified by 
the Secretary. Should his dues become six months in arrears he shall be again notified by 
the Secretary and his rights as a member suspended. Should his dues become one year in 
arrears the delinquent member shall forfeit his membership in the Society unless the Council 
may deem it expedient to extend the time of payment. 

8. The Council may, in its discretion, temporarily suspend the annual payment of dues 
by any member whose circumstances have become such as to make such payment impossible, 
and may, under similar circumstances, remit the whole or part of dues in arrears. 

9. No name shall be entered on the rolls as Member, Associate or Junior, nor shall the 
privileges of membership be enjoyed until the payments required in paragraphs 1 to 4 of 
this article have been made; if the payment be delayed for more than six months from the 
date of election, the same shall be void unless the Council otherwise direct. 

10. (1) Should the expulsion of any member be judged expedient by five or more 
members, they must draw up and sign a proposal requesting such expulsion, delivering the 
same to the Secretary, to be laid before the Council. 

(2) If the Council do not find reason to concur in the proposal, no entry thereof shall 
appear in the minutes, nor shall any public discussion thereon be permitted. 

(3) If, however, the Council find the charges contained in the proposal for expulsion 
substantiated, the accused member shall be notified and given an opportunity to resign. If 
he avails himself of this privilege, no entry shall be made on the minutes nor public discus- 
sion in the case be permitted. But if he declines to resign and offers no satisfactory explana- 
tion of the charge, the whole case shall be submitted to a special meeting of the Society. 

(4) If two-thirds of the members at this special meeting (providing there be not less 
than twenty present) vote for expulsion, the Chairman of the meeting shall cause the accused 
to be expelled from the Society, and direct the Secretary to notify the accused of this action. 


ARTICLE IV. 
Officers. 


1. The officers of the Society shall consist of a President, Past Presidents, Honorary 
Vice-Presidents, twelve Vice-Presidents, twenty-four members of Council, and a Secretary 
and Treasurer. 

2. Both Members and Associates are eligible for the offices of President, Honorary 
Vice-President, Vice-President and members of Council, but three-fourths of the Council shall 
be Members. 


CONSTITUTION AND BY-LAWS. xxi 


3. Prior to the date of the annual meeting of the Society of the year with which the 
term of the President expires, the Council shall nominate a candidate for the office of Presi- 
dent, whose name shall be presented to the Society for election at the annual meeting. Any 
other candidate whose nomination, signed by at least sixty Members and Associates, shall 
have been submitted to the Secretary prior to the annual meeting shall also be presented. 
The candidate receiving the highest number of votes shall be the President for the ensuing 
three years. The first President under this rule was elected at the annual meeting in 1906 
and his term of office began January 1, 1907. The President shall not be eligible for election 
as his own successor. 

4. (1) The term of office of the Vice-Presidents shall be three years. The terms of the 
Vice-Presidents which, under a previous provision of the Constitution, should have expired 
in 1911 and 1912 are regarded as having expired on December 31, 1911. Those terms which, 
under the same conditions, should have expired in 1913 and 1914 are regarded as having 
expired on December 31, 1912; those which should have expired in 1915 and 1916 are re- 
garded as having expired on December 31, 1913. Beginning with the four Vice-Presidents 
elected for the term ending December 31, 1914, there shall be four Vice-Presidents elected 
each year to take the place of those whose terms expire. The Vice-Presidents to fill the 
vacancies occurring each year in any class shall be elected by the Council from their own 
membership. Retiring Vice-Presidents shall be eligible for re-election. 

(2) Honorary Vice-Presidents shall be chosen from the list of Vice-Presidents who 
have had at least ten years’ service as Vice-President. They shall be chosen at the meeting 
of the Council next prior to the annual general meeting of the Society and must be the 
unanimous choice of all members of Council present. Not more than two Vice-Presidents 
may be elected Honorary Vice-Presidents in any one year. 

5. (1) The term of office of the Members and Associate Members of Council shall be 
three years. Prior to August 1 of each year the Secretary shall mail to each Member and 
Associate a list of the names of the Members and Associate Members of Council whose 
terms expire with the current year, and shall enclose a blank on which each Member may, 
if he so desires, nominate one additional candidate for Member of Council and one additional 
candidate for Associate Member of Council; and each Associate Member may, if he so de- 
sires, nominate one additional candidate for Associate Member of Council. No nominations 
received by the Secretary after August 31 shall be considered. 

(2) Prior to September 1 of each year the President shall appoint a nominating com- 
mittee of five, at least three of whom shall be Members. This committee shall scrutinize 
the nomination slips sent in by Members and Associates and prepare a ballot. This ballot 
shall contain the names of all the retiring Members and Associate Members of Council who 
shall not have declined re-election and a sufficient number of additional names to make a 
total of nine candidates for Member of Council and three candidates for Associate Mem- 
ber of Council. The names listed on the ballot, other than those of retiring Members and 
Associate Members of Council, shall be chosen by the nominating committee from those 
who have received the highest number of votes on the nominating lists returned by members 
of the Society. 

(3) Should the number of names which have received at least ten votes in the case of 
nominees for Members of Council and five votes in the case of nominees for Associate 
Members of Council be insufficient to complete the number on the ballot list above provided 
for in sub-paragraph (2), the nominating committee shall add enough names to bring the 
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total on the ballot up to nine candidates for Member and three candidates for Associate 
Member of Council. 

(4) The ballots shall be sent by mail as soon as possible after September 1 of each 
year to all Members and Associate Members of the Society. Each Member may vote for 
not more than six Members of Council and two Associate Members of Council, and each As- 
sociate may vote for not more than two Associate Members of Council. The ballots shall 
be returned by mail to the Secretary and canvassed by a committee of three members ap- 
pointed by the President. This canvassing committee shall report the results of the election 
to the Council at its meeting immediately prior to the Annual Meeting of the Society. 

(5) When the ballots have been sent out by the Secretary, should there be a desire on 
the part of Members or Associates to suggest another list of candidates for the Council, 
any twenty Members and Associates may unite in submitting another list to the Secretary 
which shall also be sent out to the membership to be considered in connection with the list 
already sent. In any event, the six Members who receive the highest number of votes shall 
be declared elected Members of Council, and the two Associates receiving the highest num- 
ber of votes shall be declared elected Associate Members of Council, in each case for a term 
of three years. 

6. A vacancy in the office of President shall be filled by ballot by the Council from the 
list of Past Presidents, Honorary Vice-Presidents and Vice-Presidents until the end of the 
year in which it occurs. At the annual meeting of that year a new President shall be elected 
for three years in the manner prescribed in paragraph 3. A vacancy in the office of member 
of Council shall be filled by the Council for the unexpired portion of the term of the Mem- 
ber or Associate causing the vacancy. 

7. The President, Past Presidents, Honorary Vice-Presidents and Vice-Presidents shall 
be ex-officio members of Council. 

8. The Council may hold meetings subject to the call of the President, as often as the 
interests of the Society may demand. 

9. At all meetings of Council seven members shall constitute a quorum. 

10. The Secretary and Treasurer shall be elected annually by the Council, but may be 
removed at any time by a majority vote of the Council after due notice has been given. 

11. The Secretary must be a Member of the Society, 


ARTICLE V. 
Management. 


1. (1) The President shall have general supervision over the affairs of the Society, 
appoint special committees, and preside at the annual general meetings. He shall be ex- 
officio member of all committees. 

(2) In the absence of the President, one of the Past Presidents, Honorary Vice-Presi- 
dents or Vice-Presidents, in the order of seniority as determined by original accession to, or 
election in, their respective grades, shall preside and perform all the duties of the President ; 
where there is the same date of seniority, the alphabetical order will govern. Provided, 
however, that for the Annual Meeting of the Society or for any other special occasion 
when it is known that the President cannot attend and preside, the Executive Committee 
shall, in its discretion, select and designate as Acting President any one of the Past Presi- 
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dents, Honorary Vice-Presidents, Vice-Presidents or members of Council, who shall act for 
the President in his temporary absence and shall perform all the duties which would devolve 
upon that officer during such Annual Meeting or on such special occasion. 

2. (1) The direct management of the Society shall be vested in an Executive Commit- 
tee of seven, composed of five members of Council, elected annually by the Council, and the 
President and the Secretary of the Society ex-officio. At least three of the five elective 
members of the committee shall be Members of the Society. 

(2) Meetings of the Executive Committee may be held at any time, subject to the call 
of the Chairman; and four members shall constitute a quorum for the transaction of any 
business that may be properly brought before the Committee. 

3. The Executive Committee shall manage the affairs of the Society in conformity with 
the laws under which it is incorporated and the provisions of this Constitution. It shall 
direct the investment and care of the funds of the Society; make appropriations for specific 
purposes; arrange for the reading and publication of professional papers; take measures to 
advance the interests of the Society, and generally direct its affairs under such regulations 
as the Council may from time to time prescribe. 

4. The Executive Committee shall make an annual report to the Society, transmitting 
the report of the Secretary and Treasurer, and of any special committee which may have 
been ordered. 

5. (1) The Secretary shall be the Executive Officer of the Society under the immedi- 
ate direction of the President and the Executive Committee. 

(2) He shall prepare the business for the annual meetings and record the proceedings 
thereof. 

(3) He shall be responsible for all expenditures and certify the accuracy of all bills 
or vouchers upon which money has been paid, and he shall conduct the correspondence of 
the Society and keep full records of the same. 

6. The Treasurer shall see that all money due the Society is collected and carefully 
invested in such manner as the Executive Committee may direct. If considered advisable 
by the Council, the duties of Treasurer may be performed by the Secretary. 

7. The accounts of the Secretary and Treasurer shall be audited annually in such man- 
ner as the Executive Committee may direct. 


ARTICLE VI. 
Meetings. 


1. There shall be at least one annual general meeting of the Society for the reading 
and discussion of professional papers, election of officers for the ensuing year, and transac- 
tion of such other business as may be brought before it. The time and location of this meet- 
ing shall be determined by the Council at least three months prior to the date fixed. 

2. Special meetings may be called by the Executive Committee at the request of twenty 
members, which request shall state the purpose of the meeting. The call for such meetings 
shall be issued ten days in advance, and shall state the purpose thereof. At these meetings 
thirty members shall constitute a quorum. 

3. The Society may adopt, from time to time, such rules as it may think proper for the 
order of business at its meetings. 
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ARTICLE VII. 
Regulations and By-Laws. 


1. The Council shall have authority to establish such by-laws and regulations as may be 
necessary for the government of the Society in the conduct of its affairs, provided that such 
by-laws and regulations do not conflict with the provisions of this Constitution and that they 
are approved by a two-thirds vote of the members of Council present at any meeting regu- 
larly called for the consideration of same. If, however, objection be made by any member 
of Council to a by-law or regulation so proposed, it must be submitted in writing for the 
action of the entire Council and will not be finally adopted unless a majority of the Council 
signifies its approval. 


ARTICLE VIII. 
Amendments. 


1. Proposed amendments to the Constitution must be reduced to writing and signed by 
not less than ten members. They shall be forwarded to the Secretary at least ten days before 
the annual general meeting, and shall be immediately forwarded to the Council for its con- 
sideration. If a majority of the Council approve the proposed amendment it shall be pre- 
sented to the Society at the next ensuing general meeting for discussion; if approved by two- 
thirds of the members present, voting by ballot, if a ballot be demanded, it shall be adopted. 


INTRODUCTORY PROCEEDINGS 


MINUTES OF THE TWENTY-T HIRD ANNUAL MEETING OF THE SocIETY OF NAvAL ARCHI- 
TECTS AND MARINE ENGINEERS, HELD AT THE ENGINEERING SOCIETIES BUILDING, 
New York Ciry, THursDAY AND FripAy, NoveMBER 18 anp 19, 1915. 


FIRST SESSION. 
Tuurspay Morninc, NovEMBER 18, 1915. 
The President, Mr. Robert M. Thompson, called the meeting to order at 10:30 a.m. 


THE PresIDENT :—The first order of business is the presentation of the report of the 
Secretary-Treasurer. 


Mr. Cox presented the following report :— 


REPORT OF SECRETARY-TREASURER. 
NovEMBER 18, 1915. 


To the Council of The Society of Naval Architects and Marine Engineers :— 


GENTLEMEN :—I have the honor to submit the following report showing the condition 
of the Society at the close of the fiscal year ended October 31, 1915. 
The membership of the Society November 1, 1915, was as follows :— 
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FINANCIAL 
RECEIPTS. 
From November 1, 1914, to October 31, 1915, inclusive. 
Entrance fees of new members for the year ending December 31, 1915: 

Wei fei Miembersiiiiecuisteierersrsersrsiersucie nitetsierioraie ovsletelorstetetelerslokelelavotajarstatelevatstetsiararsinetaterists $200 00 

IMiermibers' isc ete-crse aieres assole ra lave ovele: sine ie sla tutoie siaiia eiarecata telat sterslotelas evela’edsiaveranahetsystarerns 355 00 

VASSOCIACES oc) sca Se Sollee sie aes lol eta aoe a recreate by sv ctaelc valffersre ayayeve atateynyaiats olotersioferetsrevetsiatats 70 00 

BI METULOTS erases caves etsnes cYSiai seas eie ia el casacaT eheTATSI=EE a Toteteverel totals ehebe lel oretancrersiaretalerarotaersrererrtettersiers 15 00 

—_—_. $640 00 
Dues for the year ending December 31, 1915: 
Membersiand YAssociates’ vejcjsjsiereieterers sie 's siciolsieleioraieis sieinia sssteiefelsveinvclatelons elerelclareretctetere $6,350 00 
PUAMEOTS 15 Sy lave a, esse sb laea7e erckaia late: pres tvs af, avaiacerslevatevel glevarepsversvevaiarerery avereveisiorsieisrerciens 35 00 
———_—. 6,385 00 
Dues for the year ending December 31, 1914: 
Members: and): -Associatesias s/rclsiesiaccsiereiese:sioreverctsinve © crerajarcrete cra vieisiere wrelevors alatlenerstevare $880 00 
UPALTRUOT'S oes yc15: Sasso yeline are favs fs syove arate tevele ajneesce e¥s rave volevarord cia nlniata lelufesorsiorere eveteie-eieveherars ates » 1500 
— 895 00 
Dues for the year ending December 31, 1913: 
Members| ‘and! Associates | scsi cisret-torelcrerayetsie oielecaieleialerelaiiaisyarels!stclejaralsieleleie(ctentolecsrmrayere $170 00 
MUATAOLS Avis histeve iesaiare =o islareieseTalayelelevetarersisiate ts oleteversverclehere siete ets totetelersloveicielsvcterole elareraiecclale 10 00 
—_—_—_. 180 00 
Dues for the year ending December 31, 1912: 

Membersuand Associates a-ciaestecinesisteisiesiatiseiciioicteieeiinevele Whi Bgie a avasanenera ls ale eterna nawiue 60 00 
Dues for the year ending December 31, 1911: 

Members sand Associates <ceutas cascyosce arene ote ofareiat = al aieeeie oie reise coche uataketeotere crete ale San eso eneieTataete 30 00 
Dues for the year ending December 31, 1910: 

Members: sch oi te iereiaie es aciae ovscatava orarbarave erevava ee oveistare(mro aratetavarat eleva le, anctaiaveyate vioeleiielerereletaas sieve 10 00 
Members’ dues in advance for the year ending December 31, 1916......-. 2... .. csc cece eee eens 30 00 
Sales of publications: 

Society transactions to members and dealers.............0 cece eeeeec eee ee eens $898 25 

Specialiieditionspofepapersiierrctsterettalcrerat-lartieicteyaolsvoterstevelaverevelevereyere\aoletslalavereutonetareietotar ate 99 50 

—__— 997 75 
Exchange ion nemuttancess:membersan Cues acpere sieleyeistaierelelalcietetalsistateiarelaisielejstaiersielaielnielctelelerei= olalcteiaiors aiareia’s 9 05 
Banquet eAmnuuali Meetings l O15 e eye ccrcte arcsicrelesateleretateratersVersieier-teleleralelsrcsereversierelerercicislarsralelovetonsseisteversnericiaiers 1,175 00 
Pamariay find sis alse ereests eeaow os aripie io fe bk se oe ws aaa SavOr asia inveleaiotoal bie stole relecare Aayiseie’ stolioretnlasnera ese 550 00 
Interest: 
@ne municipal bonds) iGity of News Worle w.iceiiccsmesee sie cineicieicle se eis sinister $332 50 
On bank balances and certificates of deposit, Franklin Trust Company.......... 35 45 
—_——_. 367 95 
MTotalwreceipts: saisaierelsts ciorcatesercistare tsa wrest oratel ciate aie- sie lavave via slat cuntatereserlalove svalcierets ottvernteieretetaets $11,329 75 
Balance cash in bank and on hand, November 1, 1914... ......... 220 c cece ccceeccenesecscrcceccesee 3,263 30 


$14,593 05 
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STATEMENT. 


DISBURSEMENTS. 


From November 1, 1914, to October 31, 1915, inclusive. 


Publications: 


Tintin gra OLUME Me Zeer creectver Ne eae Serotec lolete neta icratoia ols te eickotete ere oie eorevetaiee holeisicve $4,004 80 
Brintinom Membership mvicatuls OOK yet jeietesteioleloesieielerercie steieteiiele ole sleteleleiseie/elstelsie 146 90 
Bindinevoldevolumesaerrre sey trisctiratcieraeyerteleisicilistac cherorcctsiecsiereisis eistniciersta sisverors etvisic 91 30 
Horwardinevolumess and | papensi sisimicteearctersildelcla eioiet= cleisicletelore cleso}-i-1sfe eicialeieioleiois 66 56 
Stora eso tev Oluimesecreastiererpterctecietsborel cereretatore later eretevetaversiaieiave aicrelersve tiefaveioterelslolcre oievslete 120 40 
WMiscellaneousepiimtin oypavercie sets feretstateverstateroisiersscteraiclorsvaiovayareie(eielarayeleniclarerveleieteinve eters ate 31 89 
$4,461 85 
Rentlof sate deposit: box, Pranklin “rust Company occ criwein ssjcie'-0 v ciers c)eicteielaie cinelsie eiris lee vinieie ole ve s 5 00 
Expenses, 22nd Annuall Banquet, December, 1914. ....0....... 0. ccccscscceeeteececrstenscsarerrens 1,062 60 
Expenses; Zend Annual Meeting, December, 19140... c ci. ence cee cee cececcreccceessscusevers 453 99 
exchanger onsremittancess mem bers GueSrryc riot stslciertqretelesere/sre/cicis sisvele/eieleiralers) olelejcisrelataleleveleieleialelejelsia(eis 8 57 
SalaniesranduclericalwexpenSeseraris/scirererclerslereyscreleielclele eislercie’s choice siccctelevereielele eielsleielsielaiclelolels eleseioleleters| sietate 1,380 00 
Audit.of books and accounts to November 1, 1914.0... ....cc cscs sec eceesceeveccccccsececssscese 180 00 
Rem: ost Spreitaay hop etgndacseecredasoouseoncpesonodaencsocunudbdadconodadd coogcdnon opudtanoaour 310 82 
@ficerexpensess postarer: stationery, cetCr uae sie seleys ctelelslelofarctels]orevelele\ store olars ele s« tots a|aretelejersialsioicierels}efelersiors 775 84 
iyaieemiag. (Conraess- cogussoneuupoboudess badd ound nacospendavedoueDsoonpundobocodonocsoudadende 500 00 
Investment : 
Purchase of certificate of deposit, Franklin Trust Co......... ccc cece cece eet e eee eee e ee eeee 1,000 00 
Motale disbursements tres cnrccteie eres e eres eeete al evas arava ia alevol sia lgin evatavelsrere sistaeietets|etsvaleveie leis $10,138 67 
Balance cash, October 31, 1915: 
Iripranklimmrbnuste Companys itarcmrrsctrscictelcerel tere sisi telsrelelsielalolaicteroreretayara valet lel rater rote $4,425 42 
(Orne Harn pee pes rersrare ae cre eave ee reaua feveta rye ovep Tove lek syacssualald claccfoieveioteratslelaielaveictajalsicieislelecsseterais 28 96 
——_. 4,454 38 


$14,593 05 
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A. J. Du Bois, 


Charles A. Harrington. 


Henry S. Hayward. 
John B. Herreshoff. 
Albert L. Hopkins. 


Jacob R. Andrews. 


Ransford D. Bucknam. 


Deatus (17). 

Members (11). 
Constantine Jansson. 
Leopold Katzenstein. 
John Loyd. 


Alexander J. Maclean. 


Frederick G. Rogers. 
Charles Ward. 
Associates (5). 


Harrison B. Moore. 


Edward Smith. 
D. S. Vassilieff. 


Junior (1). 
Revere B. Pulsifer. 


REsIGNATIONS (13). 
Members (7). 


Luigi Barberis. 
George R. Ferguson. 
Lyman J. Hewins. 


Herman Konitzky. 
James Montgomerie. 
A. Appleton Packard. 


Walter B. Tardy. 


Associates (6). 


Calvin Austin. 
Winthrop Cole. 
Charles M. Heald. 


Alexander F. Jenkins. 
Thomas C. McLean. 
Frederick A. Meyer. 


The following delinquencies exist in the payment of dues :— 


For the year ended December 31, 1911 :— 
Associates 


For the year ended December 31, 1912 :— 
Members 
Associates 


Miemibersiends cree Mer eee itoie ei sie 
INSSOCIATES Bas eerie Cn Ee See ase ee 
Jamar fies elccacse eat eae suai reemenele rue euceie sue 


For the year ended December 31, 1914 :— 


Wemlbersivscits seers eaten teceaece res eee 
INSSOCIALES EL cS. or erde croiee ee OSI eee 
JUMIONs Lelie mis eie ee seeackie en he xsi ore iene 


Meni beers acces si Se eh ei ek a ges 


JUNIONS fos chic ba ees ose Ree 


© Se 0 ics» emis 0.0 0 60 8 oe ce ee ee eee ec « 


o'<e) (alla) wiiajie|) (6. © js © 8) 06 | (0\/a\07 801.0 © (8 16) e- |» 10 


CY 


Peace ah an ere $10 00 
Dane a eae ag $52 00 
SRSA A AP Nets Liat 75 00 
127 00 
CaM at Neale, $220 00 
ita aaa ade 120 00 
is acaba AEE 10 00 
350 00 
bp and ander em $400 00 
Rive RuR rs eGrte Hk 200 00 
Pe Tr a hota 10.00 
610 00 
MOA arte ita $1,120 00 
ONAN hs Ee 420 00 
ne Moe eaten 30 00 
1,570 00 


oe Aya ae eee cbs Bea eis Soe $2,667 00 
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Statement of Resources and Liabilities. 
RESOURCES. 


Membership dues after deducting for deaths and resignations ($155) and 

rordoubttulkaccountse (S200) eacrariteiesielrsrl-seis ote scl cicie laine acleisie i 
ANccrueds interest on) municipal bonds sme sec) series = es cio cleie «ol elae sae 
Mtewitome dealers itor wvOMIIMeS: setora cece rs ch Levers lcs teltiey aan ove) 2.8 w lave obit wrayelatees 
Office furniture and equipment at 30 per cent reduction from cost......... 
Publications on hand at 50 per cent reduction from cost, excepting Volumes 


SLO eZ OM Qin atid 2 Zt. rscvereaste eentece cl sie acalteke tet ores eu ove) or nina: Bet kyape viene 
Investments :— 
Nianicipals Bonds tatapate..1e «sears iets aiatstorielets ea a/als tone et oles $12,000 00 
Certificates of Deposit, Franklin Trust Company ........ 3,000 00 
Cash onideposit, Franklin Trust Company......:./5.......5.-. $4,425 42 
Garson aad Re cy syais als G tickers: s eiaistheks siaaeayesoisitnels side sie dae bye 28 96 
ARGLARTESOULCES Ie iera ey stex a toad Men acetcexs aie ics aiars erase nie Sets ones sheretaeed ait 
LIABILITIES. 
Membership fees and dues paid in advance.................. $30 00 
Aan VAr ri capE ULI Chigs teger ess) eve «epee ctret otaset eee atscete @cwte Si snare eb iseley tule 565 00 
motalleliabilitiesy Pcmty syn sieccsegecesste saa sescereteyeteys cnees sits ea Gters eue suets apsious 
Society’s present worthtat October. Sip 1915 poirot ec vucre’s aerctane elataiont es 


xxix 


$2,312 00 
157 50 
648 00 
885 00 


5,291 34 


15,000 00 


4,454 38 


$28,748 22 


595 00 


$28,153 22 


*By the provisions of the Endowment Fund resolution adopted at the annual meeting held in December, 


1914, the position of the Society’s present worth at October 31, 1915, is as follows: 


Net assets, excluding Endowment Fund..............ccccece eee eee e ee eeeees $15,023 22 
Endowment Fund: 
Investments in municipal bonds, par value...............eee cesar $12,000 00 
Additions to Endowment Fund, 1914-1915: 
Membership entrance fees... 2... cesses cceccccsecccscssees $640 00 
Investments inCOMe: crise cece siemieleis eieieie is elelelsieieinaisisie ciekins 490 00 
: 1,130 00 
13,130 00 
$28,153 22 


The financial statements have been verified by Wechsler & Mills, Public Accountants 


of New York. 
Respectfully submitted, 


DANIEL H. Cox, 
Secretary-Treasurer. 
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Mr. Cox :—The report, as usual, has been printed and distributed to the members, and 
it is not customary to read it in detail. I might give a summary of the important features. 
As regards membership, the results are satisfactory. We are coming to the meeting with 
784 members, where we came to the meeting last year with 777, and unfortunately we suffered 
a very heavy loss by death during the past year, so that the membership of the Society is 
increasing, at least. As you will see later, during the morning, there have been at least as 
many new applicants, if not more than usual. 

As regards delinquencies, the affairs of the Society are favorable, compared with the 
usual condition. In our resignations we have not suffered as heavily as usual. 

Turning to the financial statement, commencing on page xxvi, the receipts are given in 
detail, and one new matter has entered into the statement, namely, the formation of an 
Endowment Fund—the setting aside of a certain amount of the Society’s permanent fund, 
not for the use of current expenses. That is touched upon on page xxix. According to the 
instructions issued by the Society last year, toward this fund were to be applied the Society’s 
present investments amounting to $12,000 in bonds, all annual receipts under the heading of 
membership entrance fees, and the income from the present investment. The sales of pub- 
lications have been slightly in excess of the usual amount. The banquet receipts and dis- 
bursements show a very favorable comparison, we having a small credit balance instead of 
an excess on the other side of the ledger. 

Under the heading of the Panama Fund we still have in hand $565. We have aivesae 
paid to the Panama-Pacific International Engineering Congress $1,000, two payments of 
$500 each. It is anticipated that there will be one further payment, but we are informed 
that certainly will not exceed $500, and it is possible it may be less. This entire matter has 
not been handled by the working capital of the Society, but from funds received by voluntary 
subscription from the members at large. 

Under the heading of “Disbursements” the cost of the Transactions for the past year 
was a little in excess of the preceding year, but the current expenses in general are about 
as usual. 

Our only liabilities are the small sum of membership fees and dues paid in advance 
and the Panama Fund matter. 

I may. say that during the year the present president has joined the ranks of Life 
Members of the Society. 

I think, with these explanations, the report may be acted on. 


THE PRESIDENT :—This report has been presented to the Council and has been recom- 
mended for adoption and approval. What will be your disposition of it? If I hear no 
objection, the report will be considered as adopted and placed on file. I hear no objection. 
The report will be placed on file, as adopted. 

Gentlemen, Jn Memoriam! You will please rise. 


THe SEcRETARY :—During the past year the following members have passed away 
(the Secretary then read the list of names of deceased members, while the members of the 
Society stood in silence). 


THE PRESIDENT :—At the meeting of the Council the following gentlemen were elected 
as Vice-Presidents for the term expiring December 31, 1918:—H. I. Cone, Lewis Nixon, 
G. W. Dickie and G. E. Weed. 
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For Members of Council, term expiring December 31, 1918:—H. A. Magoun, W. J. 
Baxter, Andrew Fletcher, R. H. Robinson, W. D. Forbes and W. G. Coxe. 

For Associate Members of Council, term expiring December 31, 1918:—J. S. Hyde 
and H. D. Goulder. 

For Executive Committee:—W. L. Capps, Lewis Nixon, W. I. Babcock, Andrew 
Fletcher and W. M. McFarland. 

For Secretary-Treasurer :—D. H. Cox. 

For Committee on Papers:—W. M. McFarland, W. I. Babcock and F. L. DuBosque. 

The Committee on Nominations will now report their recommendations for President. 


CHIEF CoNSTRUCTOR WASHINGTON L. Capps, Vice-President:—Gentlemen, the Com- 
mittee on Nominations for the presidency of this Society felt that it had a special duty to per- 
form this year, in view of the fact—of which many of you may be aware, but which I beg par- 
ticularly to bring to your attention—that during our next three-year period of the presidency, 
we hope to celebrate the twenty-fifth anniversary of the foundation of the Society. This 
Society was organized, under a charter of the State of New York, on the 28th of April, 1893, 
on petition of certain charter members. The petition was approved by Justice Patterson of the 
Supreme Court of New York on the 10th day of May, 1893, and our first meeting was held 
in November of that same year. So that those of us who are here in November, 1918, will 
be privileged to participate in a notable anniversary. It therefore seemed to the Committee 
on Nominations eminently proper that the one to be nominated for the presidency this year 
should be one who had been identified with the Society from its inauguration, and, if prac- 
ticable, one who had occupied high place in the Council during this whole period. In this 
connection, it is regretfully noted that not a single one of our original vice-presidents is living, 
and our dearly-beloved first president, as you know, passed to the great beyond several years 
ago. 

Fortunately for us, however, we have in our Council today one who, from the very 
beginning of this Society, has taken a most active interest in its work. He is known to all 
of you; he is loved by all of you. The committee, therefore, has not the slightest hesitation, 
in spite of its knowledge that it would add to the work of this particular gentleman and 
impose a further considerable burden upon him—your committee, I repeat, had not the 
slightest hesitation in recommending by unanimous vote to the Council that their selection 
for the presidency be submitted to the general meeting of the Society. The Council received 
the committee’s recommendation with acclaim and I now consider it a very great privilege to 
present to you, as the nominee of the Council for the presidency, our honored and beloved col- 
league, Mr. Stevenson Taylor. (Applause. ) 


THE PRESIDENT :—Gentlemen, you have heard the report of the Nominating Committee. 
As no other nomination has been made, under the provisions of the by-laws, Mr. Taylor’s 
name is the only name before you. I shall, therefore, ask for a rising vote as to whether the 
report of the committee shall be accepted and adopted and Mr. Stevenson Taylor elected pres- 
ident. All in favor of that, make it manifest by rising. If there are any opposed, they will 
please rise. I see no one rising. It is a unanimous vote, and Mr. Stevenson Taylor can be 
congratulated upon the confidence, the love and respect his associates have shown toward 
him in electing him the president of the Society for the ensuing term of three years. 
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Mr. STEVENSON TayLor:—Mr. President and gentlemen, I am deeply touched by the 
confidence shown in me, first by the members of the Council, and now by the members of the 
Society. I have only to say further that I will endeavor to do in the future what I have 
endeavored to do in the past—the best I can for the good of the Society. I thank you all 
very much for your confidence. (Applause.) 


Tue PresiDENnT :—The Secretary will read the list of applicants for membership rec- 
ommended by the Council. 


Tue SEcRETARY :—At the meeting of the Council held yesterday afternoon, the follow- 
ing applications for members of various grades and transfers from one grade to another 
were considered and favorably passed upon. The names are therefore submitted to the Soci- 
ety-at-large, with a recommendation by the Council that they be elected to the following 
grades :— 

Life Associate Member. 


Robert M. Thompson, 43 Exchange Place, New York, N. Y. 


Members (22). 


Cornelius A. Binks, Superintending Engineer, N. Y. & Cuba Mail S. S. Company, New 
York, N. Y. P. O. address, Mattawan, N. J. 

Frederick H. Chase, Naval Architect, Tams, Lemoine & Crane, 52 Pine Street, New 
York Ne Ye 

Andrew W. Christian, Assistant to President, Harlan & Hollingsworth Corporation, 526 
Bourse Building, Philadelphia, Pa. 

Niels Christiansen, Superintendent of Machinery, Newport News Shipbuilding & Dry 
Dock Company, Newport News, Va. 

Albert C. A. Holzapfels, Vice-President, Holzapfels, Ltd., 18 Broadway, New York, 
INS Ye 

Russell C. Jones, Manager, Marine Department, Griscom-Russell Company, 90 West 
Street, New York, N. Y. 

George F. Lawley, President, George F. Lawley & Son Corporation, Neponsett, Mass. 

Johan H. Lindroos, Draughtsman, Cox & Stevens, 15 William Street, New York, N. Y. 
P. O. address, 4124 8th Avenue, Brooklyn, N. Y. 

John S. Leitch, General Manager, Collingwood Shipbuilding Company, Collingwood, 
Ont. 

David Millar, Surveyor, Lloyd’s Register of Shipping, 1119 Munsey Building, Calvert 
Street, Baltimore, Md. 

Joseph F. Moran, Vice-President, Atlantic Basin Iron Works, 11 Imlay Street, Brook- 
lyn, N. Y. 

Kurt A. W. Orbanowski, Naval Architect, 140 Broadway, New York, N. Y. 

Evangelos D. Papayannis, Naval Constructor, Royal Hellenic Navy, care of Ministry 
of Marine, Athens, Greece. 

William W. Smith, Engineer, Westinghouse Machine Company, East Pittsburgh, Pa. 

John F, Wentworth, Draughtsman, Navy Yard, Boston, Mass. 
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Cecil W. Weaver, Marine Supervisor, Pusey & Jones, Wilmington, Del. 

Ludwig Anderssen, Ship and Engine Surveyor, 80 Broad Street, New York, N. Y. 

Henry Holmes, Assistant Engineer, Esplen & Sons, Produce Exchange Building, New 
York, N. Y. P. O. address, 807 Eighth Avenue, Brooklyn, N. Y. 

James McNaught, Manager, Esplen & Sons, 20 Produce Exchange Building, New 
York, N. Y. P. O. address, 9 Prospect West, Brooklyn, N. Y. 

Frederick J. Smith, Superintendent, Machine Shop, Robins Dry Dock & Repair Com- 
pany. P.O. address, 307 Sherman Street, Brooklyn, N. Y. 

Louis N. Lacombe, Assistant Superintendent, Robins Dry Dock & Repair Company, 
Brooklyn, N. Y. P. O. address, 451 56th Street. 

Samuel Bennett, Surveyor, American Bureau of Shipping. P.O. S. Box 438, Newport 
News, Va. 


Associate to Member (1). 


Frederick S. Brinton, Naval Architect, 22 Colman Dock, Seattle, Wash. 


Associates (8). 


Norman R. Dutton, Designer, Marine Machinery, Pusey & Jones Company, Wilmington, 
Del. 

Charles F. de Ganahl, President, Tampico Navigation Co., 80 Broad Street, New York, 
NY. 

James A. Guthrie, Jr., Marine Adjuster, Insurance Department, Pennsylvania Railroad 
Company. 

Von-Fong Lam, Student, Massachusetts Institute of Technology, Boston, Mass. P. O. 
address, 156 Huntington Avenue. 

John A. McGregor, President, Union Iron Works Company, San Francisco, Cal. 

Charles H. Macdonald, Representative, Art Metal Construction Company, 1460 Wool- 
worth Building, New York, N. Y. 

Leigh R. Sanford, U. S. Engineer Office, Rock Island, III. 

Henry E. Rossell, Assistant Naval Constructor, U. S. Navy, Navy Yard, New York, 
NY. 

Juniors (6). 


Henry C. Adams, Jr., Shipfitter, New York Shipbuilding Company, Camden, N. J. 

Clay L. Jennison, Draughtsman, U. S. Coast Guard, Treasury Department, Washing- 
ton, D. C. 

Carl E. Petersen, Draughtsman, Morse Dry Dock & Repair Company, Brooklyn, N. Y. 

Philip H. Thearle, Draughtsman, San Diego Marine Construction Company, San Diego, 
Cal. 

George Laing, Jr., Surveyor, The Vessel Agency, 58 Maiden Lane, New York, N. Y. 
P. O. address, 31 Trinity Place, West New Brighton, N. Y. 

Linn M. Rakestraw, Student, University of Michigan. P. O. address, 1316 Geddes 
Avenue, Ann Arbor, Mich. 


THE PRESIDENT :—You have heard the names read, which have all been recommended 
to you by the Council. Any member has the right to demand a ballot on any name. Does 
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any member demand a ballot? Not hearing any demand for the ballot, I put the question to 
you: Shall the men whose names have been read to you as applicants for membership be 
elected? The Chair declares that at least four-fifths of the members present have voted in the 
affirmative and they are elected. 

For Associate Members, I put the question to you: Shall the men whose names have been 
read as applicants for Associate Members be elected? Any member has a right to demand a 
ballot on any name. Does any member demand a ballot? Not hearing any demand for a 
ballot, all in favor of electing the men whose names have been read as Associate Members 
please vote ““Aye;” contrary-minded, “No.” The Chair declares that four-fifths of the mem- 
bers present have voted in the affirmative and the gentlemen are duly elected as Associate 
Members. 

For Junior Members, I put the question to you: Shall the applicants whose names have 
been read be elected to Junior Membership? All in favor, make it manifest by saying 
“Aye;” contrary-minded, “No.” The Chair declares that at least four-fifths of the members 
present have voted in the affirmative, and the applicants are duly elected as Junior Members. 


PRESIDENT’S ADDRESS. 


Gentlemen of the Naval Architects and Marine Engineers Society, for the first time since 
you did me the honor of selecting me to be your president, the state of my health permits of 
my being with you at your annual meeting. May I take this opportunity of thanking each and 
all of you for the honor conferred upon me, for the uniform kindness and sympathy with 
which you have treated me and condoned my inability to perform my duty. To those 
gentlemen who have accepted the responsibilities and done the work that I should have done 
my thanks have already been given, but it is a pleasure here to renew them. 

During the past year the thoughts of all have been centered upon the European war. 
Many new inventions cognate to our profession have been exploited and developed. The 
submarine has come into great prominence, and for a time seemed to be a weapon of the first 
order, but, like the pen, it must be in the hands of men entirely great to supplant the older 
methods of destruction. 

The aeroplane, following the earlier precedents of the bicycle and automobile, was first 
a toy, but has rapidly become a tool. The German Zeppelins, avowedly used to create terror, 
have failed to produce the effect intended. It has been demonstrated that they can under fav- 
orable conditions navigate the air and reach the point at which they aim; but, so far, they 
have failed to accomplish anything of value from a military point of view. They have 
destroyed a few buildings, they have killed some women and children and a few men, and 
they have helped the English recruiting sergeants by the wave of anger following their raids. 

The battle cruisers, vessels of great speed, carrying large guns, and but lightly armored, 
have apparently made good, although they have not been put to the final test of a fleet engage- 
ment. 

The battleships have, perhaps, made the best showing, for the English battle fleet, rest- 
ing quietly in harbor, has by its potential force kept the sea clear of German and Austrian 
ships. To us this is the most important lesson of the war. A fleet to be of value must be equal, 
or nearly equal, to the opposing force it may have to meet. The modern engines of destruc- 
tion are so tremendous that any great excess in the number of these machines assures the 
defeat and wiping out of the opposing fleet. 
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Notwithstanding unfavorable legislation the shipyards in the United States have been 
unusually active during the last twelve months, as will be seen from the following statement 
of vessels under construction during this period. 

The statistics of the Department of Commerce show the following vessels under con- 
struction on July 1, 1915 :— 


Merchant Vessels. Government Vessels. 
No. Tons. No. Tons. 
Seacoast yards 4.0.0... 4... 62 294,138 54 184,732 
Great Lakes and rivers yards.. 14 15,951 15 6,058 
mOtalSse erreurs 76 310,089 69 190,790 


No official records of contracts placed since that date are available, but it isa fact that 
at the present moment there is scarcely a building berth available either in the sea coast or 
Lake yards, and that shipowners now ordering new tonnage will for the most part have to be 
satisfied with delivery in 1917. It is interesting to note that a large proportion of these 
new vessels are to be used in the carriage of oil in bulk. 

The main cause of this increase in shipbuilding may be laid to the European war, as 
the withdrawal for many reasons of so large a proportion of the world’s tonnage created a 
condition most favorable to the shipowners in this country. Were it not for the harassing 
legislation existing against shipowners and ship operators, no doubt much more capital would 
have been attracted to the shipbuilding industry, but we should be thankful that the yards 
are benefited to a very considerable degree. 

In marine engineering the use of fuel oil in place of coal is becoming more and more 
general. The geared turbine, which has been used abroad successfully for many classes 
of vessels, is now commencing to be used in this country also with pronounced success. 
The use of the straight-drive turbine for high-speed vessels continues to be entirely 
satisfactory. Electrical drive is being carefully investigated and developed, and the Navy 
Department has lately specified one of the new battleships to be propelled in this manner. 

The Diesel engine continues to be largely used for submarines, but its general use has 
not been greatly developed. The semi-Deisel or hot-bulb engine, approximating to the regu- 
lar Diesel in efficiency, is commencing to be a strong competitor and is replacing steam in 
many instances where the power to be installed is not excessive. 

As there are so many and such important papers to be read and discussed, I will not 
further occupy your time, and will now proceed with the regular order of business. 


THE PRESIDENT :—The first paper to be taken up at this session is No. 1, entitled “Aero- 
dynamical Experiments upon a Yacht’s Mainsail,” by Prof. H. A. Everett, Member of the 
Society. We will now have the paper. 


Proressor H. A. Everert, Member:—Mr. President and members of the Society, as 
this paper is rather brief, I will ask the indulgence of the Society if I read the major part of 
it im extenso. 
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AERODYNAMICAL EXPERIMENTS UPON A YACHT’S MAINSAIL. 
By Proressor H. A. Everett, MEMBER. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


The following experiments were carried out in the Aerodynamical Labora- 
tory of the Massachusetts Institute of Technology in January, 1915, and were 
undertaken primarily to determine the possibility of obtaining by this means re- 
liable information concerning the action of sails in the wind. The work resulted in 
the determination of the location of the true center of pressure, the normal pressure 
per unit of area for a given wind velocity, and the proper angle of boom to center 
line for fastest sailing on a given course (Plate 12). 

The experiments were carried out with a single sail (a mainsail), as the adop- 
tion of two (as jib and mainsail) would have injected an indeterminate feature, the 
interrelationship between them due to variations in sheet trimming. The sail 
used (Plates 1 and 2) was an exact reproduction of a successful sail as used 
on one of last season’s, class P, racing yachts, and was made accurately to the 
scale of 3@ of an inch to 1 foot out of light, firm China silk. It was made out of 
a single piece of silk, no attempt being made to reproduce seams, but the roach at 
the leach of the sail was the maximum which the rule permits and was held out 
by miniature battens. The sail was carefully cut and made by Wilson & Silsbee 
in exact conformity with their cutting plan for the full-sized sail. 

In carrying out the tests it was considered undesirable to have any sort of 
body under the sail to which the main sheet could be made fast, as this would 
inject a disturbing factor into the action of the wind on the sail by disturbing the 
air flow to the sail, therefore the boom (of 7%;-inch steel tubing) was rigidly at- 
tached to the mast (of 3%-inch steel tubing) at an angle which represented the 
normal setting of the sail. The gaff was free to swing off and take up whatever 
position the wind drove it into (see Plate 2). The sail was set by throat and peak 
halyards as nearly as possible in exact conformity with the setting of the actual 
sail. The sail was provided with battens correct to scale, the attachment to the 
boom and gaff was by the customary lace lines, and the luff was held to the mast 
by small brass rings. The sail was vertical at all times, no attempt being made to 
simulate heel. 

The experiments were made possible by the facilities of the aerodynamical 
laboratory or “wind tunnel’ recently established at the Institute in connection with 
the Department of Naval Architecture under Prof. C. H. Peabody. Their suc- 
cessful conclusion was largely dependent on the hearty cooperation of Assistant 
Naval Constructor J. C. Hunsaker, who is in direct charge of the aeronautical in- 
struction and this laboratory. 


2 AERODYNAMICAL EXPERIMENTS UPON A YACHT’S MAINSAIL. 


A detailed description of the laboratory is given in the Appendix. Suffice it 
to say here that it consists of a square duct 4 feet on a side through which a 
current of air is drawn at uniform velocity with a balance under it which supports 
the models to be tested and weighs the different forces acting on them (Plate 3). 

The method of carrying out the observations was to set the sail with the 
plane of the boom and mast parallel to the center line of the wind tunnel, then by 
turning the boom upstream to known angles with the center line to measure the 
torque and the moments of the thrust, in the direction of the wind and at right 
angles to it. A plane passed through the boom and mast was considered the plane 
of reference for all settings. The twisting moment or torque about the mast was 
measured by the torsional distortion of a calibrated wire in the extension of the 
axis of the mast (see Plate 4). The balance which was used for this work (Plate 
5) is a copy of the one in use in the National Physical Laboratory in Great 
Britain, and was built under their direction by the Cambridge Scientific Instrument 
Company especially for the Institute. It is a remarkable combination of ingenuity 
and extraordinary instrument-making skill, and has been used extensively for the 
regular aerodynamical experiments carried out in the laboratory. The observations 
for thrust and torque were taken for each angle with the speed of the wind main- 
tained constant at 15.1 miles per hour. When the observations of thrust had been 
completed for all angles the settings were repeated at the same wind velocity for 
measurements of torque or moment about the mast, as both thrust and moment can- 
not be measured simultaneously on the balance. 

In order to determine the effect of varying wind intensity some of the runs 
were repeated for winds of approximately Io miles and 20 miles per hour. It was 
thought that intermediate points could be filled in by cross fairing from the sim- 
ilar curves derived for 15 miles per hour. 

Observations were taken of the moment of the component of the wind pres- 
sure on the sail acting along the wind (d) and of the moment of the component 
acting across the wind (c) and of the moments of the resultant or total pressure 
about the mast. This gave four equations (1, 3, 5, 6, Plate 4) which, however, 
contained five unknowns. By repeating the (c) and (d) observations, with the 
length of the vertical arm shortened 6 inches, two more equations (2 and 4) were 
added without increasing the number of unknowns, which resulted in six equations 
involving five unknowns. The unknowns were: first, the transverse component of 
the wind pressure (c); second, the down-stream component (d); third, fourth and 
fifth, the coordinates of the center of pressure x, y and gz, measured respectively 
along the wind, across the wind, and vertically, origin at the intersection of the bot- 
tom of the boom with the center line of the mast as shown on Plate 4. The known 
quantities were the weights on the scale beams, the torque and the length of the 
weighing arms. 


AERODYNAMICAL EXPERIMENTS UPON A YACHT’S MAINSAIL. 3 
The original observations are given in the first part of Table I. 


TABLE I.—Princtpal Data and Results. 


6 = Angle of boom to wind. 

¢, = Net cross-wind readings for « = 30.45 inches. 

¢, = Net cross-wind readings for a = 24.05 inches. 

D,= Net drift readings for a = 30.45 inches. 

D,= Net drift readings for a = 24.05 inches. 

M= Moment in inch-pounds. 

¢ = Cross-wind components of forces in pounds. 

d = Drift components of forces in pounds. 

x = Coordinate of center of pressure along wind in inches. 
y = Coordinate of center of pressure across wind in inches. 
z = Height of center of pressure above bottom of boom at mast in inches. 


Original data. Results. 


Cg M 


1.435 . 2928 
1.950 .4160 
2.441 - 5004 
2.714 .5400 
2.887 .5568 
3.258 5624 
3.673 .5400 
4.093 .4780 
4.450 .3712 
4.928 . 1576 
5.120 | —.1520 
5.160 | —.4220 


Norte.—For relative positions of center of figure of the sail and the centers of pressure see sail (Plate | ) 


The solution of the equations (see Plate 4) gave x and y, which are plotted 
as faired curves on Plate 7, Figs. 4 and 5, and the square root of the sum of their 
squares gave the distance along the boom at which the resultant pressure may be 
considered as acting. The location of this point along the boom is shown by Fig. 6, 
Plate 7, and the height above the boom by Fig. 7, Plate 7. The results from the 
faired curves are given in the second part of Table I. 

The determination of z was perhaps the least precise of any of the character- 
istics, as its derivation involved the difference between the readings obtained with 
the arm at its original length and when shortened (see Plate 4, equation 4). In 
some cases this resulted in a small difference of two large quantities. The loca- 
tion of zg as determined is plotted on Fig. 7, Plate 7, and a dotted curve is drawn 
above and below it to indicate the limits of accuracy which are attributable to 
the individual points. It is interesting to note that at about o° and 100° the 
method became indeterminate because the difference became zero. 
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TABLE II. 

1 2 3 4 5 6 7 8 10 11 
Angle Sq. of | Sq. of | Resultant Angle | Supple- | Angle Center 
boom to | comp. comp. | pressure between | ment of | between of 

wind cross- down on sail resultant | angle | resultant pressure 
(degrees) | wind wind (Ibs.) and wind | between of aft of c.1. 
(Ibs. )? (Ibs.)* (degrees) | resultant | pressure of mast 
of pressure] and boom (inches) 
and boom | (degrees) | (Inches?) | (Inches?) 
Re (degrees) 
aa c+d= 180°— a= 

0 Tod da VJ etd? tan. ¢ ¢ ¢+6 a y? xS+y? 

15 .0857 .0062 -3032 3.717 74.95 89.95 | 90.05 20.43 1.49 4.68 

20 1731 .0167 -4357 3.214 72.72 92.72 | 87.28 18.66 2.50 4.60 

25 2504 .0367 .5358 2.611 69.05 94.05 | 85.95 17.06 3.72 4.56 

30 .2916 .0641 .5964 2.132 64.87 94.87 | 85.13 15.44 5.15 4.54 

35 .3100 .0957 6369 1.800 60.95 95.95 | 84.05 13.84 6.81 4.54 

45 .3163 .1877 -7099 1,298 52.38 97.38 | 82.62 10.69 10.69 4.62 

55 . 2916 . 3038 7716 .980 44.42 99.42 | 80.58 7.51 15.68 4.81 

65 2285 .4562 .8275 .708 35.30 | 100.30} 79.70 4.45 20.88 5.03 

75 . 1378 . 6384 8810 .465 24.93 99.93 | 80.07 WY 24.60 5.14 

90 .0249 .8003 -9084 .176 9.98 99.98 | 80.02 0 27.98 5.29 

110 0231 .8107 9132 | — .169 | — 9.60 | 100.40 | 79.60 3.88 27.88 5.64 
130 .1781 -5685 -8641 | — .560 | —29.25 | 100.75 | 79.25 15.37 21.53 6.07 


The components c and d were derived directly from the equations and their 
resultant gave the resultant wind pressure, in magnitude, direction, and point of 
application (Columns 4, 8 and 11, Table II). Therefore it was possible to plot 
this resultant wind pressure in its true location and to scale, for the different angles 
of boom to wind; this is done in Figs. 4 to 15, Plate 8. The maximum resultant 
pressure occurred at an angle of boom to wind of 110°, which was not unex- 
pected when it is noted that the gaff was then at about 80° with the wind and one 
might consider that the mean line of the sail was at practically go°. (All angles 
were measured upstream from the initial position of the boom.) 

The maximum pressure amounted to 0.913 pound for the entire model at 


15.1 miles per hour. This corresponds to a pressure of 0.913 + 850.885 


pound per square foot if we use the net area of the sail (148.5 square inches). 
It is probably more correct to include the projected area of the boom, mast and 
gaff and use the total area, which is 148.5 + 2.44 + 5.98 + .89 = 157.8 square 
inches. This gives for the maximum pressure 0913+ “SZ —0.833 pound per 


AERODYNAMICAL EXPERIMENTS UPON A YACHT’S MAINSAIL. 5 


square foot. Eiffel’s formula for the resistance of curved surfaces (camber 1 in 
7) at go with the wind is 0.00334V* where 4 is the projected area in square 
feet and V is the wind velocity in miles per hour. This gives 
P= 0.0033 X a xX 15,1 —0.825 pound per square foot 

which is an interesting agreement lying well within the accuracy claimed for 
either experimental work. It would seem that this formula of Eiffel’s was appli- 
cable to the determination of maximum wind pressure for yachts, provided the 
area of spars, etc., is included in the area. 

The graphical representation of the resultant forces on the sail as shown by 
Figs. 4 to 15, Plate 8, can be made to give a further analysis of the action, if we 
apply to it the condition of a phantom boat sailing with different angles of boom to 
keel line. That is, if the angle between the boom and the wind is maintained. con- 
stant and a hull is placed at varying angles with the boom, it will then be possible to 
resolve the resulting pressure into two forces, one at right angles to the keel and the 
other along the line of the keel. The first does no useful work and produces leeway. 
The second may be called the drive and produces the useful work of overcoming the 
resistance of the hull and driving the boat ahead. By putting the boat at different 
angles for a given angle of boom to wind (superposing the diagram of Fig. 16, 
Plate 8, and turning it to the different angles), the curves of Figs. 17 to 28, Plate 9, 
are derived. As an analysis of the action of the sails this is probably not as directly 
useful as one which involves sailing a given course and using different angles of 
boom to boat corresponding to different trimming of the main sheet. 

An analysis along these lines may be obtained by taking cross curves from 
the curves already derived (Figs. 17 to 28). For instance, if we take a cross curve 
at 20°, we shall have the effect which the sail produces when the boat is sailing at 
20° with the wind and the boom carried at different angles with the center line of 
the boat. The curves derived in this way are given by Figs. 29 to 40, Plate 10, and 
all for the constant apparent wind velocity. 

It is interesting to consider on what direction of sailing the boat is driven the 
fastest by this sail. If we assume that the hull resistance is the same for all 
courses and is not affected by different angles of heel, the course which is at 190° 
with the wind (Fig. 39) is the one on which the boat will go the fastest. For this 
course the best angle which the boom should have with the center line of the boat 
is shown to be about 88°. It should be remembered that this applies to the single 
sail rig only. 

Figs. 41 to 51, Plate 11, show the action which takes place for the different 
courses, each arranged so that the boom makes the angle with the boat which is 
most effective for speed, in other words with the main sheet properly trimmed. 
A very interesting point to be noted here is that, for courses from 45° to 160° 
with the apparent wind (shown by the fly at the mast head), the angle between the 
boom and center line of ship for best sailing, with this sail, should be approximately 
one-half the angle between the fly at the masthead and the center line of the ship. 
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In all of the work so far considered no distinction has been made between 
real and apparent wind, but in applying the work to a yacht the wind which is 
customarily observed is that indicated by the fly at the mast-head. This is the ap- 
parent wind, and it is the resultant of the speed of the boat and the true wind. 
It is obvious that the wind of the tunnel experiments corresponds to the apparent 
wind. If it is desired to find the relationship between the apparent wind and the 
real wind or the relationship between the real wind and the courses, an estimate 
of the speed of the yacht in terms of the speed of the wind must be assumed, and 
then it will be possible to obtain the direction of the true wind. To illustrate the 
point, this assumption has been made and the corresponding true wind derived, 
which is shown by the dotted arrows on Figs. 41 to 51. 

A single curve obtained by plotting the maximum points in the curves of Figs. 
29 to 40 is given on Plate 12 and may be called the characteristic curve of this 
sail. 
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APPENDIX A.* 


The wind tunnel of the Massachusetts Institute of Technology was built in 
accordance with that of the National Physical Laboratory, Teddington, England, 
with the exception of several changes of an engineering nature introduced with 
a view to a more economical use of power. An increase of the maximum wind 
speed from 34 to 40 miles per hour was thus obtained. 

Upon completion of the tunnel an investigation was made of the steadiness 
of flow. It appeared that the variation of velocity with time and from point to 
point of the cross-section was not more than one per cent. 

The wind tunnel proper is a square trunk 16 square feet in section and 53 
feet in length (Plate 3). Air is drawn through an entrance nozzle and through 
the tunnel by a propeller driven by a 10-horse-power motor. Models under test are 
mounted in the middle of the tunnel on the arm of a delicate balance. 

The air entering the mouth passes through a honeycomb made up of a nest 
of 3-inch metal conduit pipes. This honeycomb has an important effect in straight- 
ening out the flow and in preventing swirl. 

Passing through the square trunk and past the model under test, the air is 
drawn past a star-shaped longitudinal baffle into an expanding cone. This cone 
expands in 11 feet to a diameter of 7 feet. The velocity of the air is reduced in 
passing through the cone and has its pressure increased in accordance with a well- 
known hydraulic principle. 

The propeller is made of black walnut with four blades (Plate 6). It works at 
the large end of the cone and discharges into the diffusor. The latter is built of 
wood grating with holes closely spaced except on the side facing the propeller, which 
has no openings. The propeller race is stopped by this wall, the velocity of the air 
destroyed and the pressure raised. The air then escapes through the holes in 
the diffusor into the room. The current is thus turned through go° and brought 
nearly to rest. 

The propeller was designed on the Drzwiecki system, which assumes that 
each blade section is an aeroplane wing moving through the air in a spiral path. 
In order to keep down turbulence, a very low pitch and a broad blade were used. 
To gain efficiency the blades were made thin and, therefore, weak. To prevent 
fluttering of the blades, the blade sections were so arranged that the centers of 
pressure of all sections lie on a radial line drawn on the face of the blade. This 
artifice seems to have prevented the howling at high speeds commonly found with 
thin blades. 

The propeller is driven by a “silent” chain from a 10-horse-power inter-pole 
direct-current motor. The propeller and the motor are mounted on a bracket 
structure fixed to a concrete block. and are hence independent of the alignment of 


*Abstract from “Scientific Aeronautical Research,” J. C. Hunsaker, Science Conspectus M. I. T., Vol. 
V, No. 1. 
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the tunnel. Vibration of the motor or propeller cannot be transmitted to the tun- 
nel as there is no connection. 

In order to maintain a steady current of air, the fan must run at constant 
revolutions per minute, but in order to allow a fine adjustment to obtain and hold 
any speed, a direct-current motor is necessary. To run a direct-current motor at 
constant speed requires a steady voltage. Such is not available. Consequently the 
following procedure was adopted. A 15-horse-power induction motor is connected 
to the alternating current power mains of the Cambridge Electric Company. This 
induction motor is coupled directly to a 12-horse-power direct-current generator. The 
generator supplies current to the motor which turns the propeller. For constant 
wind speed the load is constant, and hence the induction motor will turn over at 
constant speed since its slip is a function of load. Variation of voltage in the 
city mains has small effect on the speed of the induction motor, which runs at a 
speed proportional to the frequency of the supply current. The generator being 
turned at constant speed generates constant voltage, and the propeller then runs at 
constant speed. Due to slow changes in frequency it is necessary to provide va- 
riable resistance in the direct-current motor field, by the use of which the wind 
speed can be corrected from time to time. 

Any wind can be made of velocity between 3 and 40 miles per hour. 

The model of complete aeroplane, wing, tail, body or other part is mounted on 
an aerodynamic balance constructed from the plans of the National Physical Lab- 
oratory, England. This balance (Plate 5) consists of a cast iron pillar mounted on 
an independent concrete block, and the balance proper. The latter is made up of three 
arms mutually at right angles representing the axes of coordinates in space about 
and along which couples and forces are to be measured. The model is mounted on 
the upper end of the vertical arm which projects through an oil seal in the bottom of 
the tunnel. 

The entire upper part of the balance rests on a steel point bearing in a steel 
cone supported by the cast iron pillar. 

The balance is normally free to rock about its pivot in any direction. When 
the wind blows on a model, the components of the force exerted are measured by 
hanging weights on the two horizontal arms to hold the model in position. 

The balance is also free to rotate about a vertical axis through its pivot. The 
moment producing this rotation is balanced by a calibrated torsion wire. 

Special attachments permit the measurement of the force in the vertical axis 
and moments about the two horizontal axes. 

The three forces and three couples acting on any model placed in any attitude 
to the wind can be studied at leisure. The balance is precise to one per cent. 

Velocity is measured by means of a Pitot tube which was calibrated on the 
whirling arm at Teddington. The Pitot tube pressures are read on a Chattock 
liquid micro-manometer. Velocity readings are precise to one-half of one per cent. 

Tests have been made to determine the lift and resistance of a model aeroplane 
wing which had previously been tested in England. The results are in excellent 
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agreement and indicate that the English tunnel and balance have lost none of their 
precision in the rather extensive alterations that have been made here. 

The wind tunnel has been in operation since July, 1914, and has been used for 
comparison of Pitot tubes, determination of the aerodynamic coefficients for a num- 
ber of wings, bodies and miscellaneous objects, for thesis work on aeroplone stabil- 
ity and by students in connection with problems arising in the course of aeroplane 
design. 
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APPENDIX B. 


The method followed in working up the results from the original observations 
was briefly as follows: 

The observed scale pan weights (C1, C2, Di and D2) were plotted on angles as 
abscisse and the curve faired. (The maximum deviation of any point was about 
1% per cent.) From these faired curves, the differences C; —C: and D; — Dz 
were computed and also faired. The values of c and d were computed, using the 
values of C; — C2, and D, — Dz given by the above curves. The values of + and 
y were computed directly from m, c and d, and are plotted on Plate 6. The values 
of z were computed from the faired values of the scale pan weights (C1, C2, Di 
and D2) plotted, and Table I gives the results from the curves. 

Simple algebraic transformations give the following equations which were the 
ones directly used for the solution of +, y, d, c and g:— 


ms M 
a tan O28 


c= 5.625 (G- G) 


d = 5.625 (D,— D,) 


oe Gh ae GL 
WeaSc 
DISCUSSION. 


THE PrESIDENT:—Gentlemen, you have heard the very interesting paper read by Pro- 
fessor Evcrett, entitled ‘““Aerodynamical Experiments upon a Yacht’s Mainsail.” The meet- 
ing would like to hear any discussion. Some of you, | hope, are prepared to discuss the paper. 


Mr. WILLIAM GARDNER, Member:—I have read over Professor Everett’s paper with 
interest, and I think he is to be congratulated upon being the first one to make a scientific 
investigation of the principles of sail propulsion. The question of the shape of sails and 
their form—and by the form I mean the flatness or fullness of the section of the sail—has 
been a matter of discussion since the early forties. When the America went abroad to race 
the English boats had full baggy sails, while the America had much flatter sails, but not abso- 
lutely flat, and a good many attributed the success of the America as much to her sails as to 
her hull. 
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I had the pleasure of seeing Professor Everett making one of his experiments and also 
of examining very carefully the sail he used. This sail was a model of one that has been 
successful in practice, and was in keeping with the present idea of the form. The form, which 
he does not describe in his paper, has a moderate amount of curvature or draft with the 
greatest amount of curvature forward and the least aft. The aim of the sail-makers at 
the present time is to get as near a parabolic form as possible. In making his experiments, 
Professor Everett had a very good example of modern sail making. 

The results of his experiments are interesting as the geometrical center of the sail is 
practically in the same position as the center of pressure, the slight difference, both vertically 
and in a horizontal direction, being easily accounted for by the windage of the mast. This 
shows that the draft or form was about right for the wind velocity used, as the pressure must 
have been even throughout the sail. 

A number of questions have been under discussion for a long while. One of them is, as 
to whether the draft should be the same at all times. Some contend that you should have a 
moderate draft for heavy winds, a medium draft for medium winds, and a considerable draft 
for light winds. Others contend that the sail with a moderate draft, but perfectly made, 
is the best one under all conditions. 

I hope Professor Everett will be able to carry on his experiments, or, if he cannot do so, 
that some one else will take up the work and try, say, three sails with different amounts of 
draft and try each of these at different wind velocities, so that we will get the further infor- 
mation that we very much need. 

This paper is of great value to the naval architect, and of possibly greater value to the 
practical sailorman. From the data contained a dial could easily be made, having two hands, 
with two rows of corresponding figures on the circumference. Having set one hand at the 
angle of apparent wind, the other hand could be set at the corresponding figure. This hand 
would then give the proper angle of boom for the direction of boat and apparent wind. With 
such a dial, sail trimming can be brought to an exact science. In the past it has been a 
matter of judgment and experience. 

As I said before, I hope these experiments can be continued, for I feel a complete knowl- 
edge of this interesting subject can be obtained. 


Mr. Epwin A. STEVENS, Jr., Member:—I wish to second Mr. Gardner’s remarks and 
words of congratulation to Professor Everett. As there is one point that was not mentioned, 
I thought it might be well to say something about it, although I hesitate to speak after such 
a prominent naval architect as Mr. Gardner. About fifteen years ago I had quite some expe- 
rience in sailing yachts known as the scow type, short water-lines and long, flat ends. This 
type of boat needs a sail with more draft than the deeper type of yacht, such as are being 
built now under the universal rule. Not only is more draft needed, but they cannot be sailed 
as close to the wind, with good results, as deeper bodied boats. It is necessary to ease off 
the sheets and to make up by footing what you lose in pointing. I have tried trimming the 
sails flat and pointing up with the deeper bodied boat, and fell hopelessly behind. The minute 
I eased up on the sheets and pointed off, in some cases as much as a point (especially in 
light weather, where there is quite a sea), she would make up in footing what I lost in 


pointing. 


THE PRESIDENT :—Is anyone else prepared to discuss the paper? If not, the Secretary 
has some communicated discussion which he will present. 
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Mr. NATHANIEL G. HERRESHOFF, Member (Communicated) :—I have received Mr. 
Everett’s paper on yacht sails and have read it with a great deal of interest, and am sorry I 
cannot be at the meeting. There is a great deal to be learned about the driving powers of 
sails, and I think this paper has opened up the subject in a very good way. I hope such exper- 
iments will be continued and include such matters as taking into account the effect of dif- 
ferent amounts of bag of draft, for different velocities of wind, the effect of the inclination of 
the mast, twist of sail, etc. 


Mr. H. DE B. Parsons, Member (Communicated) :—Having read with interest Profes- 
sor Everett’s paper giving results of experiments upon a yacht’s mainsail, the speaker is 
pleased that experiments of this nature are being undertaken. 

In the design of a racing yacht, success largely depends on the proper locations of the 
centers of wind pressure of each sail in order that the vessel may be properly balanced, espe- 
cially when sailing to windward. So much depends upon the cut of the sails that experiments 
on one mainsail are probably not sufficient to accurately determine a formula for the location 
of the true center of pressure. Variations in shape, which result in a flat or loose-fitting 
sail, and heel of the vessel must necessarily affect the location of the actual center of 
pressure. 

The writer was much interested in the description of the wind tunnel and he takes 
pleasure in contributing the following information with regard to a wind tunnel which he 
designed. 

In 1913 the writer had occasion to make experiments on the power developed by a 
new type of wind-mill, known as an air turbine. In order to determine suitable angles for 
the sails or vanes, the writer designed a testing apparatus, shown on Plate 13, which con- 
sisted of a circular, galvanized-iron tunnel, 8 feet in diameter by 38 feet in length. An arti- 
ficial wind was created through this tunnel by a 96-inch disc fan, driven by an electric motor. 
By varying the speed of the motor and by changing the size of the pulleys, it was possible to 
obtain a wide range of air velocities, or wind, through the tunnel. 

Baffles were arranged inside the tunnel, located about 8 feet behind the fan, so as to 
straighten out the flow of air and prevent eddies and swirls. Various forms of baffles were 
tried, but the one finally adopted consisted of thin wooden vanes, arranged as shown on 
Plate 13. These baffles worked well and gave satisfactory results, as was proven by tests 
made with an anemometer and with a delicate pitot tube. Readings with both the ane- 
mometer and pitot tube were made at many points in the cross-sectional area of the tunnel, 
and the readings obtained were consistent and showed a steady breeze. 

The model under test was placed near the free end of the tunnel, and air measurements 
were made in front of the model by a pitot tube, which had been standardized, as mentioned 
before, by being operated in connection with an anemometer. 

The whole apparatus had to be located out of doors. The end at which the fan was 
located was enclosed by a shed, so as to protect the fan and motor from the weather. The 
free end of the tunnel entered a chamber, the sides of which were carried up sufficiently high 
to prevent the natural wind from interfering with the artificial wind created by the fan. 

The whole apparatus, as shown on the plate, cost about $1,000 erected and ready for 
test. 

The writer does not offer his design as being better than the one described by Professor 
Everett, but thought that a record of another wind tunnel, as actually constructed, might be 
of interest to members of the Society. 
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Mr. Corneius A. Woop (Communicated) :—Professor Everett showed me his paper 
last summer regarding the most efficient ways of trimming sails, etc. The experiments which 
he performed for these results are very ingenious, and I believe this is the first time that defi- 
nite information has been collected in a strictly able way on this subject. 

For years I have been interested in yachting and have followed it up very closely and in 
a more or less scientific way. I am convinced that Professor Everett’s inductions are not only 
the result of extremely careful and accurate investigations, but that they are of great theoreti- 
cal importance in any scientific study of sails, as well as being of considerable interest to the 
up-to-date racing skipper. 


Mr. C. F. ADAMs (Communicated) :—I received a copy of Professor Everett’s very inter- 
esting article on sails, and very much regret that it was impossible for me to be in New York 
to hear the discussion held on it. As we know, sail-trimming is rather a matter of the eye 
than of mathematics, as a rule, and it is to that extent difficult to say how exactly your results 
correspond with the usual yachting practice; but I should think no variation is obvious beyond 
what can easily be accounted for by the absence of a topsail and by the relatively heavy spars 
which you are compelled to use. 


Mr. Cuartes H. W. Foster (Communicated) :—I received, in due time, the kind invi- 
tation to attend a meeting of the Society of Naval Architects and hear Professor Everett’s 
paper discussed. I am very sorry that I shall be unable to be present. I have no doubt 
there will be much said on that occasion that would interest me extremely. 

I have studied the paper and my first feeling is, how much I would like to sit down and 
talk with the author about it. He has gone just far enough to make us yearn for more in the 
way of real knowledge as regards a sail. It is astonishing that so little has been done upon 
the subject which is really worthy of serious consideration. 

I note that he has determined the location of the true center of pressure, the normal 
pressure per unit of area, and the proper angle of boom, all for a given sail. Of course, 
all these facts are for one sail only, and no consideration is given to the fact that the gaff plays 
just as much a part in the set of a sail as does the boom. In fact, I think those who are 
most experienced in boat sailing as a practical matter make more of the trim and tension 
of their peak halyards than they do of the trim of the boom. It is astonishing what the 
effect of a slight change in the peak halyard will have in the behavior of a boat. Of course, 
the effect of this change is not only upon those questions which the author has attempted 
to analyze, but also affects pressure on the rudder, and in that way the speed. 

I do hope Professor Everett will continue his experiments, and to illustrate what is going 
through my mind in regard to the present experiments I would suggest that he conduct some 
line of experiments on a sail which is fixed, both as to the gaff and boom and held in the same 
plane. These experiments should then be followed up by changes in the gaff. I mean by 
allowing it to swing off more and less than he has done in the present experiment. It would 
be very interesting to see what happened with his centers of pressure and the amount of pres- 
sure. These experiments also would probably show quite a change in the proper position 
of the boom, or perhaps, I should say, would change the conclusion which he has noted in his 
present experiments that the boom should be approximately one-half the angle between the 
apparent wind and the center line of the ship. 

In regarding this paper, the layman might not realize that the statements in regard to 
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the drive or speed of the boat, while scientifically correct, are misleading, if he looks at them 
from a practical point only. Of course, with the wind say 15 miles an hour, the speed of 
the boat must be added or deducted from this figure in estimating the real force of the 
wind, so that the speed of the boat would be quite different from those outlined in Professor 
Everett’s experiment—that is, as the layman sees it. 

In actual practice, I once made some quite elaborate experiments and found that on a 
21-foot boat the greatest speed was at some six points off the wind. Some time I will show 
the author the relative speeds on all the different points of sailing as I found them in these 
experiments. 

I hope that he will have continued opportunity to keep on with these sail experiments 
and will be willing to let me know what he is doing in regard to them. There are many prac- 
tical questions which experience has suggested to me as being worthy of scientific experimen- 
tation, and I would like to feel that somebody was working them out. 


Mr. Guy LoweLL (Communicated) :—I was most interested in the paper on wind tun- 
nel experiments with the model of a sail, and am sure that the Society of Naval Architects 
will, too, find it very interesting when it is presented next week. I received the paper on my 
return to Boston yesterday, and, therefore, can only give a hasty impression of it; I have had 
no time to compare Professor Everett’s results with those of others. 

As I wrote the author last fall, I have given a good deal of study to the subject, and the 
most difficult part has been to determine: 

1. What problems we needed to solve aerodynamically in order to study sails. 

2. What results had already been obtained by wind tunnel workers. 

3. In what way we have had a right to apply the experimental results in a general way 
to sails. 

Since these three questions have been much in my mind during my studies, I must be for- 
given if I apply them in reading this paper, and then give my opinion about it. 

In the first place, I do not think sufficient emphasis is laid in the paper on the really valu- 
able facts contributed by the author (such as the value of P, at top of page 5, and its relation 
to Eiffel’s surface with a camber of 1/7), and that, per contra, too much stress is laid on cer- 
tain deductions the author seems to have no right to make, or, to be fairer, has no right to 
lead his reader to make, because in order to simplify his explanations and calculations he quite 
rightly eliminates certain very real factors; but in applying the results of his experiments to 
real sailing conditions he in turn neglected to put back those qualifying factors. For instance, 
the yachtsman knows by experience that the paragraph on page 5, beginning with the sentence, 
“It is interesting to consider on what direction of sailing the boat is driven the fastest by 
this sail,” is not true. 

This is because in actual sailing, such as the author assumes when he makes a practical 
application of his data to the sailing of a ship, there can be no such thing as a constant apparent 
wind, which he appears to assume as a condition of his practical problem, for though the real 
wind is constant in wind tunnel experiments, and may even be assumed to be so on the open 
water, there is no such thing conceivable as a constant speed of apparent wind when the direc- 
tion of the course of the boat, and therefore its speed, in relation to a steady real wind, is 
varying. I enclose the following solution, using Professor Everett’s resultant, which shows 
that a boat can sail faster with wind abeam than with wind aft, as his figures imply. 
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Let us assume :— . 

1. That your model sail is on a model boat able to sail through the water. 

2. That its stability is such that its heel is negligible. 

3. That the resultants which are in all cases nearly normal to the planes of reference of 
the sail are for simplicity of calculations actually so. 

4. That the hull resistance is such that an assumed real wind of 15 miles per hour is 
able to drive the boat “before the wind” at a rate of 714 miles per hour. (This is a condi- 
tion I have met in actual sailing.) 

Since the real wind is 15 miles per hour the apparent speed of the wind when “before 
the wind” is 15 miles per hour minus 7.5 miles per hour, or 7.5 miles per hour. Now the 
speed of 7.5 miles per hour equals one-half the real speed of wind, and since pressures vary 
as the square of speed, the pressure equals (14 )*, or 4 of 0.913, which is the pressure given 
in Fig. 14, Plate 8. A speed of 7%4 miles per hour is produced by a pressure on the sail of 
0.228 pound. 

What pressure do we get with wind abeam? 

If we solve a right-angled triangle where the hypothenuse represents the speed of the real 
wind as 15, and another side the speed of the boat as 7.5, the third side representing the direc- 
tion and speed of the apparent wind which is at right angles to the speed and direction of the 
boat since we assume wind abeam, we shall find that the apparent speed is +13 miles per 
hour. 

The diagram for wind abeam (Fig. 9, Plate 8) shows the resultant at 15 miles per hour 
equals 0.710, but since pressure varies as the square of speed, at 13 miles per hour the pressure 
equals 0.710 X (13/15)?, or 0.528. But the d ive component in a direction parallel to the keel 
when the sail makes an angle of 45° with the course, as it does in sailing with wind abeam, is 
-£0.7 of 0.528 or 0.3696, which obviously is more than the pressure before the wind (0.228). 

The course nearly before the wind shown by Fig. 39, Plate 10, is not “the one on which 
the boat will go the fastest.” To find out “on what direction of sailing the ship is driven 
fastest by a sail,” it is not only necessary to have the facts which wind tunnel experiments give 
us, but we must combine them with data given us by towing tanks experiments, which will 
give us hull speeds under different pressures, and then the answer will only be correct for the 
specific hull considered and for a given speed of real wind. That even this last statement of 
mine eliminates too many factors will follow from my next criticism. 

The author seems to imply by his calculations where he combines resultant pressure due 
to angle that sail makes to the wind with the course that the boat is making with the wind, that 
what determines the efficiency of a sail is the amount of the pressure or force component 
parallel to the keel (paragraph 2, page 5). This is not strictly true, because the other com- 
ponent “‘at right angles to the keel” cannot in practice be overlooked, since it not only “pro- 
duces leeway” but also produces heel. The efficiency of the sail changes, then, not only with 
the amount of the keel-parallel component of the resultant, but with the angle the resultant 
makes with the plane of reference, for in practice Professor Everett’s and Eiffel’s diagrams 
show that it is not necessarily normal to that plane. It is a study of changes in the amount, in 
the direction, and in the point of application of the resultant due to differences in outline (sail 
plan) of equal areas, and similar changes of the resultant due to differences of curvature for 
identical sail plans, that will help us most, in my opinion. 
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The trouble with the whole subject of aerodynamical experiments on sails is that it is new, 
and, therefore, it is hard to state things clearly. That is what I think Professor Everett needs 
to look out for in his paper—I don’t imply that he has reasoned falsely. 


Tue PreEsIDENT :—I am sure I express the will of the Society if I tender to Professor 
Everett the thanks of the Society for the very interesting and very able paper that he has 
read to us. 

I am reminded by the Secretary that I neglected to offer to Professor Everett the oppor- 
tunity of replying to the discussion. 


ProFeEssor Everett :—I thank you, sir, but I do not think the discussion calls for any 
comment, except that it has shown that the matter has awakened interest. I will reply later to 
the communicated discussions. 


Tue PresipENntT :—That, may, perhaps, explain my failure to call on Professor Everett, 
as there was nothing said in the discussion of his paper except in the way of commendations of 
it, and there was not very much to reply to. 


ProFEssoR Everett (Communicated) :—There has been a surprising unanimity in the 
comments indicating the desirability of further experiments investigating the effect of fullness 
or “bag,” and that sort of an investigation could readily be undertaken by methods similar 
to the one outlined in the paper. Such work could be made to also cover the point raised by 
Mr. Foster, namely, the effect of varying position of gaff with respect to the boom. 

Mr. Lowell’s comments as to leaving out factors which have a very important bearing in 
actual sailing is much to the point. A sail is always used in conjunction with a hull and the 
hull injects factors into the action of the sail which are vital to any complete analysis of its 
performance. A complete analysis of this sort cannot be made in a wind tunnel and no attempt 
is made in this paper to connect the sail with any specific hull. For this divorcement of sail 
from hull it is absolutely necessary in carrying out any experimental work on sails to deal 
with the apparent wind, as this is the one to which the wind tunnel wind corresponds, as 
emphasized in the paper. 

While it is true that in sailing different courses we do not have constant speed of appar- 
ent wind this method of presentation has its simplicity to recommend it. Once we have the 
resistance curves of the hull from the model tank, the relation between the real and apparent 
winds becomes determinate, but as this is different for each hull the use of the apparent wind 
as a prime variable was preferred as it applies to all cases. With this in mind, it is obvi- 
ous that the statements in the paper which were criticized by Mr. Lowell are, after all, correct, 
as will be seen by the following further analysis of the example which he cites. 

In the first condition Mr. Lowell derives for a real wind of 15 miles per hour and an 
apparent wind of 714 miles per hour a resultant pressure along the keel of 0.228 pound. In 
the second condition he obtains for apparent wind of 13 miles per hour the resultant pressure 
along the keel of 0.3669 pound. These pressures are not comparable unless we increase the 
speed of the apparent wind of the first condition to that of the second condition, or 13 miles 
per hour. If this is done, there results for condition one and apparent wind of 13 miles per 
hour a resultant pressure of 0.228 X (73) = 0.69 pound, which is in excess of the pressure 
for the second condition and is the maximum, as stated in the paper. 
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Tue PRESIDENT :—The next paper to be taken up is No. 3, entitled, “Inland Navigation 
and Barge Construction versus Floating Barges,” by Mr. J. H. Bernhard, Associate. 


Mr. J. H. Bernuarp, Associate:—Mr. President and gentlemen, instead of adhering 
religiously to the paper, I will attempt to show the same thing by the use of lantern slides 
and some explanation as we go along. 


INLAND NAVIGATION AND BARGE CONSTRUCTION VERSUS 
FLOATING BRIDGES. 


By J. H. Bernuarp, Esg., ASSOCIATE. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


In preparing this paper, to be read before this society, composed of representa- 
tive naval architects and engineers, I have sought for and been unable to find a 
reason why these very men have been so indifferent to or unfamiliar with the 
subject as to be unable to build vessels that could economically navigate the interior 
waters of the United States—interior waters which form in themselves a system 
far better than in any other country on this globe. Yet one of the first reasons that 
these very rivers and canals are idle, the reason that the Father of Waters may 
be watched from the river bank for hours without seeing a boat pass, is un- 
doubtedly the fact that the members of this society—trained, educated, able ma- 
rine architects—have never put themselves seriously at work to replace the old 
and obsolete river steamers that ply upon these waters. They have left these prob- 
lems to laymen, with the result that, while it may be ridiculous for an investor, if he 
wanted to build a trolley car line, to go to an old-time conductor or street car 
motorman and take his advice how to build such a line of cars merely because such 
man was twenty or thirty years in such service, it is apparently not ridiculous 
for the investor to go to a captain or pilot and ask him how to build a river 
boat, providing these captains and pilots can show many years of service. In 
consequence of this we have still plying, upon our inland waters, boats such as are 
shown in Plate 14. 

First of all you are bound to see the great handicaps that are imposed in 
the nature of the structure of such vessel to economical loading and unloading. 
The decks of these steamers could very favorably be compared with young forests 
instead of steamer decks. 

An important feature of the old-time river steamers seems to be the amount 
of smoke they can discharge from their funnels. The more smoke the more pleased 
is the captain. 

Another very important part of successful or unsuccessful navigation, de- 
pending upon from what angle you look at it, is the whistle. When I sailed a 
modern self-propelled barge (such as is shown in Plate 15, contrasted with 
typical river steamers) up the Mississippi on a round trip of over 4,000 miles, and 
carried the freight profitably at half the cost of transportation on other steamers, I 
was severely criticised for putting such a craft upon the river because its whistle 
could not be heard for several miles. 
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Finally, one of the best prevailing rules of measuring a successful steamer is 
by the amount and height of waves it creates. I had to face severe ridicule be- 
cause this poor boat of mine could carry 1,000 tons of freight at full speed with- 
out creating enough waves to rock a rowboat. 

The naval architects of this country have turned, and are still turning, their 
backs to river construction with the result that some of our interior shipyards are 
splendid antiquarian museums. Oxen may pull the plates from shady trees to the 
ways, but this does not even impress a casual onlooker with a needed change. It 
would be really pathetic to describe in detail certain of the interior shipyards of 
this country that I have visited. 

Lately steel construction is slowly but surely replacing wood construction, but 
the total lack of architects for river craft has brought about an odd situation. 
Bridge-building companies went into steel barge construction and apparently are 
holding their own without doing really anything else but building bridges around 
which they build a watertight hull. In this connection some really amusing facts 
could be given. For instance, one official of such a company did not want to build 
a barge for me on my design because he could not see how such barge, not being 
strong enough to be loaded at one corner with the other corner sticking out in the 
air, would do, and the very fact that the barges I would build had to be loaded 
and unloaded with the same care that one would use when loading ocean vessels 
was proof in this man’s eyes that the barge was undesirable. That the Lloyd and 
American Bureaus of Shipping passed this construction as At did not satisfy this 
American bridge-barge builder. I had the satisfaction of having another official 
of a similar company prove to me in detail, with careful calculation, how such a 
barge would buckle up under its own weight, and while listening to his splendid 
argument in the way of figures there passed in my mind the thousands of “rynaken”’ 
plying upon the Dutch Rhine, that acording to his figures would buckle up, but 
had the audacity to successfully remain in operation and carry freight for genera- 
tions. 

Only recently we had a discussion whether it would be possible to build craft 
that could successfully navigate the Erie Canal and the Great Lakes on account 
of the limitation of 15% feet distance from water level to bridges over the canal. 
This is undoubtedly very well possible, and I would undertake to build a barge for 
the New York Barge Canal with a carrying capacity of 2,000 tons, a draught of 
10 feet, and fully seaworthy, still being able to carry freight at a cost of 7% mill 
per ton-mile in the canal, and when used in through service at a cost of 1% mills 
per ton-mile. 

Another prominent marine expert, after hearing that I had proposed to build 
a large barge with a speed of 14 miles to navigate the Mississippi, recently made 
the following remark: ‘Any fool who can speak of a barge with 14-mile speed 
on the Mississippi River is no man I want to talk to.” I fear that he will seriously 
attempt to get me removed to some institution for insane when he hears I am now 
preparing to build a barge with a speed of 24 miles per hour. 


VERSUS FLOATING BRIDGES. Pq 


The average Mississippi River boats cost $70 per net ton carrying capacity and 
are of obsolete construction. 

“No,” the river man objects, “our boats are not obsolete; we have kept pace 
with the times, and our boats are to-day a great improvement on those of the 
fifties.” 

The other day a river captain said to the writer: ‘You are not familiar with 
the improvements we have brought about on our river craft; our steamers are 
now almost fireproof; we have patent tapered floors, balanced rudders, steel and 
asphalt decks; we have improved tandem-compound or cross-compound piston-valve 
engine, steam capstan and steering machine, a locomotive type of boiler, wire rail- 
ings and tiller ropes, electric lights, combined breeching shield and furnace damper, 
insulated pipe coverings, and many more important improvements that substanti- 
ate the statement that our present side and stern-wheel steamers are the best type 
of boats for river craft in the world.” 

This enthusiastic description of the important improvements of the present 
Mississippi River boat, from one of its ardent champions, illustrates better than 
anything the writer can say their total obsolescence and inefficiency. 

This preamble will serve to make clear to you why I believe that navigation 
upon our rivers is dead because, to some extent, of the fact that you naval 
architects and marine engineers have permitted the mechanical engineers to steal a 
march on you by improving their locomotives while you have been blind to one of 
the largest fields in the entire country for your endeavors—that of our inland 
waters, the largest of which contains a channel navigable for the entire year, with- 
out ice, at a draught of 8 feet for a distance of 1,200 miles. 

We must seek, after this war is over, a firm foothold on foreign trade or pre- 
pare to face a period of hard times. How could anyone think for a moment of the 
possibility of seeking and holding foreign trade when lacking efficient methods of 
transportation at home? The non-use of our rivers, which would permit freight 
to move at one-fourth of the present rail charges, is a voluntary handicap and 
penalty which we place on our foreign exports many fold. This war will be decided 
by the business men of each of these fighting nations upon the markets of foreign 
commerce and trade. That nation which, while buried under the heavy taxes it 
must face, can still hold its foreign market—that nation will be the victor in this 
war, and this is the fact that should earnestly interest us here in this country. This 
part also affects navigation upon the rivers, and as such directly concerns us, be- 
cause the sharp competition which will come forth from this war between the victor 
and the conquered will force upon us an equally severe competition, first to hold our 
foreign trade and then to hold our home trade. For such competition we must 
have the highest efficiency at home. 

While this country has reduced its rivers and harbors improvements because 
of the foreign war, Germany, France and Holland have increased their rivers and 
harbors improvement budget because of the war. We will find these two conclu- 
sions, so much in opposition, to be the foundation in time of peace on which we will 
have to base our fight for the trade of the world. 
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Being born and raised in a shipyard, coming from a country whose very hold 
upon the world’s trade (its area only 1/250 part the size of the United States, 
yet the fifth largest customer of this country and equal in its import and export 
to 70 per cent of the total import and export of this country) was caused and made 
possible only by its waterways (which are four times larger in miles than its rail 
mileage )—having lived for many years in various countries and having had the 
special privilege of living for ten years within the boundaries of the United States, 
with free liberty to my imagination and energy, I have attempted to understand this 
problem which I have placed before you. 

I therefore first selected, now four years ago, the problem of navigating what 
I thought the most difficult route in this country. This was from New Orleans to 
Tuscaloosa, Alabama. First from the Mississippi (at New Orleans), where the 
very strength of the river accumulates to its maximum, the craft had to enter, 
through a lock only 40 feet wide, a shallow canal, its entrance diagonal upon the 
fast Mississippi. This canal was the Lake Borgne Canal, crooked as the Lord of 
Lower Regions, shallow as a pool, and sufficiently narrow to tempt you to jump 
across it. From this one suddenly emerges into Lake Borgne, wide, choppy, poorly 
protected against gulf waves, but even more shallow than the canal. From this 
through the Mississippi Sound to Grand Pass. This is a pass cut away in hard 
foundation through a shallow lake about a mile wide and 4 feet deep. In the 
bottom of this is a conglomeration of clam shells, sand which in the sea water has 
become as rock, and in this is haphazardly cut a channel with two bends and sharp 
angles, 600 yards long, 80 feet wide, and 6% feet deep. Across this is a side 
current, and the channel is very poorly staked. From there on comes in Mobile 
Bay, shallow, wide, fairly open to gulf waves. You emerge from this into the Ala- 
bama River, and from there to Tombigbee, the Warrior, and Black Warrior. The 
Black Warrior is a mountainous, diluvial stream running between a range of moun- 
tains and so capricious that it has been known to change from a 6-foot river to one 
60 feet deep within twenty-four hours. The Warrior is a little more civilized, but 
still only partly so, and is kept better in tone by means of locks and dams which 
are very difficult to negotiate. Rarely does one ever see more crooked rivers. At 
Demopolis it is possible to leave the barge, go to the hotel and have lunch, and 
walk to the other side of the town just in time to reach the barge which has ever 
since been moving at eight miles an hour. At another place you can see a spot on 
the river where you will be within two hours from that moment providing the 
barge keeps steadily plugging away. The Tombigbee has the characteristics of 
an alluvial stream, placing overnight sand bars just where you don’t expect them. 
The lower Alabama runs through swamps that may at a slight rise of the river be 
flooded and look like a lake with the crooked river hidden underneath and with the 
current never following the river, but running wildly across the meadows, and it 
it up to you and the boat to find the channel and stay in it. To navigate these 
routes with a 500-ton tow was considered very difficult, if not next to impossible, 
unless you were one of the old-timers. 
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Plates 17 to 24 illustrate the vessels that were built as a result of my efforts. 

When they heard that I was building a self-propelled barge of 1,000 tons 
carrying capacity and, worst of all, with propellers instead of stern wheels, I was 
ignored, ridiculed, and what not. 

I remember distinctly when we came up the river the first time when all navi- 
gation had stopped, without any smoke, loud whistle, big waves or the like, how 
we were looked upon with eyes that plainly told that they did not believe what they 
saw. 

Just above Demopolis is the sharpest bend in the river, which bends at the 
radius of 365 feet. I had the barge so designed that I felt sure she would turn at 
a radius of 350 feet at full speed, the barge being 240 feet long and 32 feet wide, 
propelled by two propellers and controlled by three balanced rudders. When we 
came to Demopolis we were received by a delegation of citizens who doubted 
whether we ever could go around Devil’s Bend, and I invited them to come along. 
When I told them that we would attempt to go round the bend at full speed some 
of the party already on board felt they had better go ashore, feeling safer with the 
solid ground under their feet. When we came to the bend, plugging away at 8 
miles an hour, and attempted to negotiate the bend, the captain, not trusting the 
barge to the pilot, stood at the wheel himself, and having heard so much about this 
shallow, sharp bend, overestimated it and turned so quickly that he barely escaped 
coming on the other side. 

These boats have been plying successfully ever since, carrying freight over 
this route, a distance of 1,050 miles, and returning empty, at a total cost of 4o 
cents per ton, or about 34 mill per ton-mile, one-tenth of the average railroad 
charge. 

In the construction of this boat I departed from the old ideas and placed the 
cargo on deck, not cutting any hatches in the deck, making the deck like the bottom, 
airtight and watertight, shut off by watertight bulkheads. Twice these barges, 
fully loaded, coming downstream at a speed of 14 miles, ran on a boulder, ripping 
a hole in the bottom several feet square, yet we never had repairs of more than 
$1,200, notwithstanding that the shipyard was 400 miles away from the nearest 
accident. Always have the barges been able to go to the yard under their own 
power, and never have they passed in total accidents over 2 per cent of their in- 
surance value. By placing the cargo on deck I had the advantage of having the 
entire hold available for strengthening purposes, so that I could place the steel 
where it would do the most good and have as much as possible the steel members 
under compression, letting the hydraulic pressure counterbalance the load pressure. 
The result was that I could use very light material, the hull being built out of 
¥Y-inch plate and frames out of 2%4 by 2% by %-inch angle iron. The further 
result was that the barge, although she carried 1,000 tons net, had only 170 tons 
of steel in her, and, together with the machinery, bunkers, and the like, a total of 
240 tons. These barges displaced 1,240 tons of water, were given a speed of 8 
miles per hour with only 150 horse-power, using for this purpose gas-producer 
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engines burning breeze coke, which brought the cost down to 1/10 cent per horse- 
power per hour. Plate 16 illustrates the construction of these barges. 

From this experience, and the later experience of sending these boats up on 
the Red River and from New Orleans to St. Paul and back, I have based my de- 
cision for the construction of the barges for the Inland Navigation Company, a 
company recently organized under the State laws of Delaware, capitalized at 
$9,000,000, and of which I have the pleasure of being president. The barges will 
be divided into two classes, speedy and slow. The speedy barges will be 310 feet 
long and 56 feet wide, 9 feet deep, with a draught of 7 feet, propelled by four 
600-horse-power engines, estimated to give a speed of 20 miles in slack water— 
22 miles downstream and 17% miles upstream. The others, of which the first now 
nears completion, will be 240 feet long, 42 feet wide, capable of carrying 1,500 
tons on a draught of 7 feet, and able to carry 500 tons on a draught of 3% feet. 
Plate 21 shows the general arrangement of this type of barge. 

The barge is all steel and the hold is divided into five compartments by means 
of four watertight bulkheads. It is propelled by means of four internal-combus- 
tion, fuel-oil, four-cycle, three-cylinder 80 brake horse-power engines built by 
Fairbanks, Morse & Co., each operating one propeller. The barge is further 
equipped with duplicate electric power plant, and has absolutely no fire on board, 
the heating and cooking being done by electricity. It is also equipped with a large 
number of electric lights and three powerful searchlights, giving a total of 18,000 
candle-power, the largest one being of 9,000 candle-power, all pilot-house control. 

The bow and stern are each provided with 4-horse-power electric winches; the 
steering is done by electricity; the pilot-house is completely equipped with all mod- 
ern appliances, mechanical telegraph, house telephones and spider telephone system, 
and a navigation telephone system. Two 5-inch centrifugal pumps, electrically op- 
erated, can quickly drain the barge and the ballast tanks. 

The barge is further equipped with two refrigerating plants, one for the crew, 
and one for the cargo capable of maintaining a temperature of 35 degrees for a 
cargo of 6,000 cubic feet. The cargo space is covered by a waterproof steel cargo 
box, which is straddled by an electric traveling Gantry crane capable of extending 
a boom outward on either side for a distance of 70 feet and then lift one ton. 

Finally, the barge is equipped with a 15-mile launch, a skiff, and life raft. 

This brief description of our first barge will give you an idea with what equip- 
ment we will attempt to revive inland navigation. 

There are, of course, many different problems connected with the success of 
the Inland Navigation Company, which problems you will find treated in a more 
detailed manner in an article written by me and published by the American Society 
of Civil Engineers in their Proceedings of August. 
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DISCUSSION. 


THE PRESIDENT :—This paper of Mr. Bernhard is open for discussion. I would like 
to ask Mr. Bernhard a question, and that is, what percentage deeper water speed can you 
maintain with these barges in the canals or shallow water? 


Mr. J. H. BERNHARD:—We are running practically the whole time in 6 feet of water. 
There is no part of the channel, except the Mississippi River, where we have 7 feet of water. 


THE PRESIDENT :—The hour is so late, I think it would be well not to ask for further 
discussion at this time, but instead of that to continue the discussion after luncheon. When 


we adjourn, I suggest we adjourn until two o’clock. 


The meeting then adjourned until two o’clock. 
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SECOND SESSION. 
TuHurRsDAY AFTERNOON, NOVEMBER 18, 1915. 
President Thompson called the meeting to order at 2:15 o'clock. 


THE PRESIDENT :—Is there any one here who proposes to discuss Mr. Bernhard’s very 
interesting paper? 


ProFEssoR HERBERT C. SADLER, Member of Council:—I think Mr. Bernhard is to be 
congratulated in bringing this paper before us, on two principal points. The first one is that 
he draws attention to the development of our inland waterways. We all know that they have 
been shamefully neglected. Any of us who have been abroad and have seen the development 
in the continental waterways must be struck with the fact that here we have, in the Mississippi 
Valley generally, something that is far superior to anything on the Continent, and yet we 
have done little or nothing to develop it. It is possible that many of our members may know 
that the Mississippi Valley is capable of supporting probably forty to fifty million people com- 
fortably as regards transportation, development of power, and everything else necessary. Of 
course it is not altogether the fault of the naval architect or the marine engineer that the 
Mississippi River has not been developed, or that transportation on that river has not devel- 
oped. We know that in the early days the railroads practically drove the vessels off the 
Mississippi entirely. Fortunately we now have an Interstate Commerce Commission, and 
probably our Mississippi will get back to its own. At any rate, the rate-cutting that went 
on in the past cannot go on so well in the future, and so I think that we may hope to see 
some development of the great Mississippi Valley. There is no doubt about the economics 
of transportation there, and I am sure I personally look forward in the future to a great 
and large development in that country. 

The second point on which Mr. Bernhard is to be congratulated is that he has had the 
courage of his convictions, that he has gone ahead and tackled these problems of transporta- 
tion, that he has not been afraid to oppose those high and ultimate authorities, the old Mis- 
sissippi steamboat men, and has developed a modern type of vessel to do the work necessary 
under modern conditions. 

Some years ago—I will state in order to let Mr. Bernhard know that naval architects 
have not been asleep all this time—I personally was down in the Mississippi Valley and had 
the opportunity of meeting some people who were interested in transportation and were think- 
ing of developing a new type of vessel. They were quite enthusiastic about a steam-driven 
or oil-driven vessel, and I happened to meet the financial men connected with the undertak- 
ing, and we went for a trip on the river, I remember. I was talking with one of the men 
interested in the enterprise, and he finally said to me: “It is all right, Professor, what you 
say, but yesterday I was talking to one of our old steamboat men, who is a practical man, 
been on the river all his life, and he told me that the present type of steamer on the Mississippi 
River is the only practical solution of navigation on the Mississippi.” Gentlemen, that 
banker was so fully convinced that the steamboat man was right that he did not feel in- 
clined to back up this new and modern method of transportation. 

That is the kind of thing which has been going on in the Mississippi, and Mr. Bern- 
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hard mentions it. There has been a good deal of opposition to overcome. You may be aware 
that some two or three years ago a board was formed to take up this question of transporta- 
tion on rivers, called the Mississippi Towboat Board. I had the pleasure of being associated 
with that Board and conducting a number of experiments for them in connection with types of 
barges. The results of those experiments appear in a government report which, I am sorry 
to say, is now out of print, but perhaps some time in the near future I may ask to submit 
the data we obtained there to the Society so that it may be of permanent record. We tested 
out about nine different types of barges, and those of you who have seen the report will realize 
the enormous difference that can be obtained by designing a barge properly—that you can 
save a tremendous amount in the power required to propel the vessel by simply getting the 
proper design of barge to suit the depth conditions of the river. So that I think this whole 
problem of river transportation will receive in the future the attention that it deserves. 

There is one other item which Mr. Bernhard has touched upon, and which I think is 
a very important one, and that is the question of terminals. There is no doubt that the 
economical transportation on our inland rivers cannot take place unless we have proper termi- 
nal facilities. The case that he mentions—where he would rather have paid the owner of 
the lumber than to have carried the lumber because of the delay in loading—illustrates the 
point, that before we can get really economical transportation in rivers we must have 
proper terminal facilities. 

With regard to the question of driving a thousand-ton barge 24 miles an hour in 6 
feet of water, I would rather not hazard an opinion at the present moment. 


Mr. ParKER H. KemMBLE, Member:—I am glad of the opportunity to express my con- 
gratulations to Mr. Bernhard for the results which he has accomplished, because results, after 
all, always stand and form a monument to the man and his work, and I think also he is to 
be congratulated on having found financial backing to put his ideas into concrete form. 

My excuse for taking the time of my fellow members is that on the 3d of June last I 
ended in Louisiana an eight months’ trip down the Ohio and Mississippi rivers and some of 
their tributaries, covering between 3,000 and 4,000 miles, which, as time was no particular 
object, enabled me to spend a large part of that eight months in a study of the conditions of 
river navigation and the revetment work on these two rivers and some of their tributaries. 

There were some points in Mr. Bernhard’s paper to which I will take exception, based 
upon what I saw during that trip. 

Beginning with an unimportant feature, mentioned at the bottom of page 19, in 
regard to smoke discharge, I saw many steamers on the Mississippi, and I rarely saw a 
steamer smoking except when approaching a landing. I inquired of some of the captains and 
engineers about this, and I found it was a custom of the good old times when by smoking 
up in approaching a landing they appeared to be making more speed and more bustle—in other 
words, it was an advertising feature. The pont is that, in the thousand odd miles from Cairo 
to New Orleans, the many steamers which I saw were not smoking when I saw them, and 
they were carrying good loads and towing many barges. 

On the question of the whistle, from a study of the banks of the Mississippi River, the 
location of the towns, the roads and the character of the people, they do not have there the 
“watch your step” or “move quickly” conditions of the east. You will find that the whistle 
reaching 3 to 5 miles is a great advertising and trade-getting feature. Many of the popula- 
tion do not get up out of bed until they hear the whistle and then have time to get 
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dressed, get their goods, get down through anywhere from 6 inches to 3 feet of gumbo 
mud, and be at the levee in ample time to sit there and wait for the boat to arrive. When 
Mr. Bernhard tries to get hold of way traffic, instead of long distance through freight, I 
am inclined to think he may find it profitable to put in an auxiliary boiler and a 5-mile stem 
whistle. 

In regard to the middle paragraph on page 20, as to the barges being floating bridges, and 
the fact that I have rather gathered from the paper that the construction of a vessel so that she 
has to be loaded carefully and with uniformity is something new, I would say that on the Ohio 
River I saw not only hundreds but thousands of coal barges which, if you dumped 5 tons of 
coal in one end and in the other end 500 tons, the sides would open out and the barge would 
lose courage, and that would be the end of it. 

If I remember rightly, at the time of the year that Mr. Bernhard took this barge up 
to St. Paul, the Mississippi was running about 12 feet over what could be considered normal 
stream height. Consequently, at the cut-offs there was ample depth of water, ample chance 
to dodge the side currents, and what is of more importance—on part of his trip, at any rate— 
the river was falling, so he did not have the question of drift and its effect on his screws to 
contend with seriously. 

As regards new improvements on the river steamers, I think Mr. Bernard has judged 
these somewhat hastily. 

Owing to the lack of terminals and the financial condition of the old packet lines, it has 
been necessary to nurse along the existing boats, making only improvements that could be 
done without adding too much to the fixed charges. 

There is a large growing trade of local freight transportation, served by boats anywhere 
from 80 to 140 or 150 feet long, driven by gasoline or kerosene engines, geared to stern wheels, 
with high economy for the carrying of mixed freight, and which are ahead of anything I have 
run across on this coast or in the interior—and I might add that, being a Boston man, my 
sympathies are entirely with eastern waters and a good screw propeller. I went out west 
with those notions, and from experience obtained in navigating my own boat on those 
waters, from what I saw in the shape of propeller tugs, from the condition of the waters when 
the flood is rising and the drift is coming down, and from the further fact that the average 
river steamer goes ashore once a month, as a matter of habit or custom, I am very strongly 
inclined to believe that the screw propeller as applied to that form of navigation is a tour 
de force, an engineering feat, and not a commercial desirability. I have seen going down the 
Ohio stern-wheel steamers that had been aground for six months, with the farmers raising 
crops around them, only to read in the paper a week afterwards that they had floated off 
after their exile. That point is mentioned to bring out the fact that when a steamer goes 
ashore on the rivers she must get off very quickly, there is no time to send for a salvage 
crew, or she may be interned and remain in captivity for the next three or five months. A 
screw propeller on a sandbar is not efficient in getting the ship off the bar. You do not need 
a centrifugal pump forward to push if you have a good reliable stern wheel. 

What can be done with an eastern designed stern wheel, with feathering blades, with the 
experience of the coast to draw on, is a problem, but I do know that in small boats—one of 
which I have particularly in mind, a small packet that has steel blades and geared engine— 
the coal cost is about one-third of that on a propeller tug packet running in the same service. 

The handling of freight and materials in enclosed rivers, like the Black Warrior, is a dif- 
ferent problem from handling it in the Mississippi, particularly in low water. While the 
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average rate of current which we found on the trip down was only about 2.4 miles an hour, 
there were plenty of points at which the current ran from 9 to 13 miles an hour, and at 
low water it is very much of a problem whether, in the narrow, contracted channels, speeds 
of from 12 or 13 miles an hour up-stream are going to be commercially feasible. 

The comparison, as shown in the photographs which we had the pleasure of seeing, is, 
I think, not quite fair. Had I known that slides were to be used, I should like to have shown 
you some slides which I have from photographs taken of modern and of existing large Mis- 
sissippi River freight and passenger boats, which really are those with which this barge 
should be compared. Some of them do not have the forest of timber shown in these pictures. 

One other point, and that is where, on page 23, last paragraph, the author says: “In the 
construction of this boat I departed from the old ideas and placed the cargo on deck, not 
cutting any hatches in the deck, making the deck like the bottom, airtight and watertight, shut 
off by watertight bulkheads.” 

I saw many steamers on the Ohio and Mississippi rivers. I did not see one that did not 
embody these features. They are all built that way. It has an additional advantage, that 
when you strike a snag or run ashore, in shallow water, your machinery does not get wet. 

The question of terminal facilities depends greatly on the people and the traffic. I went 
down south with the usual opinion of the south of a northerner, who has not traveled much 
in his own country. although I did spend some nine years on the other side, and am reason- 
ably familiar with the ports Mr. Bernhard showed us this morning. I have come back from 
the south far wiser. The possibilities of the south are wonderful, even to the northerner, 
but when you consider the mud—such mud as you never dreamed of, mud in some places 
60 feet deep, and in others where they do not think they have much mud, and it is 8 or 9 
feet deep—when you consider that it is only by continual watchfulness and care that you can 
keep your river put, so that when you send a letter to a business acquaintance, notifying him 
that he can deliver freight at the levee, if you do not put a time stamp on it and stay up and 
watch the bank, you may have to cart the freight 8 or 9 miles in the course of the next three 
weeks—those conditions have forced the traffic of the Mississippi Valley to the railroads, 
where they go by inland routes and the traffic can be relied upon. With the increasing sta- 
bility of the river channels, due to the government work, the country is bound to redevelop in 
its transportation lines and possibilities; but to my mind the greatest promise of that redevel- 
opment is the growth, the healthy, self-sustaining growth of the local traffic between the 
various points, which is training the men, developing new types of boats; and as these local 
connections grow stronger, it will become an easier matter to link them together and get your 
north and south transportation. 

In the remarks which I have made I do not wish anything I have said to be understood 
as in any way lessening my admiration for the results that Mr. Bernhard has secured. Their 
object has been merely to emphasize that the features which he has brought to a 1915 perfec- 
tion are, after all, the features which the nature of the traffic has developed through many 
years, without the manufacturing facilities or the facilities in material and machinery which 
the gasoline engine and the steel construction have given him to work with, 


Mr. JouHN RE, Member:—I do not want to make my remarks redundant by repeating 
what has been said by the previous speakers, but I think, touching this problem, Mr. Bern- 
hard has been dealing with things which are not new but he has had to adapt old methods to 
new conditions; and perhaps my experience may be interesting. I had to do some work in con- 
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nection with the dredging of the Mississippi some years ago, and I have been interested in the 
references by the last speaker to the enormous quantity of mud which the Mississippi holds. 
Engineers were having a large dredge designed to handle 12,000 cubic yards of Mis- 
sissippi mud an hour, to cost half a million dollars, and when we got the dredge down to the 
Mississippi River we did not find any mud at all. That is the nature of the Mississippi. If you 
design for certain conditions, the next week they are different. A flood comes down and takes 
the mud away and leaves you with sand. Fortunately the mud came back, and we got to 
work six months afterwards. The Mississippi Valley does not run through a toy country 
which you can walk across in a day’s journey. It is a tremendous territory, and you find, going 
down the river from St. Louis to New Orleans, or any substantial part of that journey, 
so many changing conditions regarding climate and mud and sand bars that you cannot lay 
down the law and say this is the boat or the other fellow’s is the boat adapted to use on that 
river. 

I am disposed to take issue with Mr. Bernhard when he throws discredit upon the old 
Mississippi steamboat captains and engineers when they prefer to stick to their own types. 
When we are young and active and full of beans we come over to this country—I did it my- 
self—and we go right ahead into everything and tell the people here: “You don’t know any- 
thing about what you are doing; you are a lot of silly asses. Why don’t you do it the way 
we do it in Europe?” In line with that, I will confess that I went to a contractor who was 
building several dredges, which cost him more than half a million dollars, and I said: “Your 
plant is no damned use. I will change it all. Here is a dredge I am building for the Dela- 
ware, which will make your plant look like thirty cents.” He was affable and pleasant, but 
did not help me out. He did not say: “Go ahead, and God bless you.” He did the opposite. 
A man must be tactful. You get a lot of antagonism in drawing ahead that way. It is better 
to work with a man than to antagonize him. I have found in this river navigation business 
that it is much better to take the man who has spent all his life in work on the river with you 
as far as youcan. Of course, his judgment is not to be relied upon outside of his own line of 
work, but he does know something about conditions which directly affect the line of work in 
which he is engaged. : 

Mr. Bernhard is quite wrong in stating that the naval architects in this country have ig- 
nored this river navigation problem. That is a serious mistake to make. They have done 
nothing of the kind. The naval architect is a man who has a regular line of business, he 
has a staff in his office to provide for, and he must make a living. Naturally, he goes after 
the living that is nearest to him, and he is not spending his time walking up and down the 
banks of the Mississippi River telling the shipping people they do not know what they are 
talking about. He must have problems stated to him by the shipowner or the navigation 
man. There is an obligation on him—if he has a new thing, to put it forward to help his 
client; but wherever there is trade in this country to make business for the naval architect, the 
naval architect has been a live wire, and you have only to go to the St. Lawrence and the 
Great Lakes and the canals to see the great trade which has been done in the Lake boats, 
and to realize how much has been accomplished in the cause of river and canal navigation 
by the naval architect. 

The curious thing is that Mr. Bernhard is only repeating in the Mississippi—and all 
credit to him—what has already been done in other parts of this country, not only in the type 
of barge, in the way he constructs it and the methods of propulsion, but in other features— 
that has all been done before. I have been instrumental in bringing to this country twenty or 
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thirty river barges, or Canadian canal steamers, or whatever you call them, and we have tried 
gas engines, and oil engines, have tried various kinds of engines, and we lost a good deal of 
money trying them. We have done a great deal of experimenting with these things, and if 
I were able to throw on the screen, just as Mr. Bernhard has done, photographs of the appara- 
tus, you would hardly be able to tell the difference between them and those which Mr. Bern- 
hard has shown you. It is the same type of barge for the same purpose. 

As for the terminals and coaling arrangements, those things are not novel, but, of course, 
credit is due to Mr. Bernhard for having introduced methods of development in a new sphere 
and a new direction. 

There is a remark which Mr. Bernhard makes here which I think is of very great interest 
to us as naval architects, and that is at the foot of page 20. It is as follows: “Only recently 
we had a discussion whether it would be possible to build craft that could successfully 
navigate the Erie Canal and the Great Lakes on account of the limitation of 151% feet dis- 
tance from water level to bridges over the canal.” Mr. Bernhard thinks they can do that, 
no difficulty about it whatever, but I think that he has not given this problem as careful 
study as he has undoubtedly given to the Mississippi problem, because, having looked into 
it rather particularly, I am quite satisfied that it cannot be done. Of course there is noth- 
ing impossible in this country or any other country, if you have enough money to lay out to 
accomplish the object—you could use aeroplane wings to get over the bridge or you could 
make a submarine to go down into the depths of the Great Lakes, but what you cannot do 
is—you cannot design a type suitable for the New York State Barge Canal so that it will 
be satisfactory for this 1514-foot bridge limitation and the other limitations introduced by 
narrow sections, and at the same time make that a barge suitable for going through the 
Great Lakes. The two things cannot be done, but you can get either one or the other. 
That is important in one way. Here is this great barge canal built at an ex- 
pense of something like $150,000,000 and it is defective in this, that the type of boat you will 
put on it will have to discharge its whole load, at terminal points such as Buffalo, into 
another boat. In other words, half the usefulness of the canal is taken away from it. I have 
no doubt Mr. Bernhard can provide a boat suitable for taking cargo up and down the canal 
itself, and probably across Lake Oswego, but when you go into the open lakes the con- 
dition is very different—this 1514-foot bridge height holds you down, and you cannot get any 
decent condition for the pilot house, funnels, ete. When Mr. Bernhard is as familiar with 
the Great Lakes as he appears to be with the Mississippi, he will realize that what I say is a 
fact. 


THE PRESIDENT :—The Chair wishes to say that having had some experience in navigating 
southern waters that he wishes to endorse heartily the importance of the subject of low-draught 
boats shown by Mr. Bernard. There are many thousands of miles of inland rivers which are 
open to boats which do not draw more than 4 feet of water. 

In regard to the comparative value of the stern wheel and propeller type of boat, in my 
first houseboat I experimented with a stern wheeler. I replaced that houseboat with a boat 
which had a propeller, and I found the propeller had very many advantages—it was on the 
whole much more economical and certainly much more agreeable in service. 

Is there any further discussion on this paper? If there is no discussion, if the author 
would like to reply to the comments which have been made, we would like to hear from him 
again. 
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Mr. BERNHARD (Communicated) :—Referring to the question of President Thompson, 
let me relate the following experiment. 

A self-propelled barge, 200 feet long, 32 feet wide, and at 6 foot draught, attained a 
speed of 7 miles per hour on Lake Borgne, which has an average depth of between 7 and 8 feet. 
In the channel, however, from the lighthouse to the entrance of the Lake Borgne Canal, the 
depth is a little over 10 feet. We had a tug goahead of the barge at a like speed. The draught 
of this tug was 5 feet. A rope was tied from the bow of the barge to the stern of the tug, 
without the tug pulling at the rope—merely keeping it taut. The minute the tug reached the 
Lake Borgne Canal, which at that time was only 7 feet deep, the rope slackened 40 feet in 200. 
The minute the barge entered the canal this slackening decreased to a speed of approximately 
20 to 25 feet in 200. In other words, the effect of the shallower water channel was more 
marked upon the tug than upon the barge to the extent of approximately 13 per cent, not- 
withstanding the fact that the barge drew six-sevenths of the available channel against the 
tug’s five-sevenths. 

The remarks of Professor Sadler are very interesting, and I quickly agree with him 
by stating that the Naval Architects and Mari e Engineers have not so far been the only cause 
of the decline of navigation upon inland waters. I am rather inclined to believe this is one of 
the minor causes, but of principal interest when this question is discussed before the Society 
of Naval Architects and Marine Engineers. There are many reasons of greater importance 
for the decline of inland navigation and a good deal could be said on this subject—rates, ter- 
minals, management, laws, financing, organization, insurance, and many others. 

Anyone familiar with the river captain and pilot will agree with Professor Sadler that 
they do consider themselves the highest and most ultimate authority. As foundation for this 
they have little more ground than the fact that they have navigated the rivers for a long 
period. If that would be sufficient justification every old sea captain ought to be one of the best 
naval architects that could be had. 

I seize this opportunity to state that the report as made by the Mississippi Towboat 
Board, to which Professor Sadler refers, is highly instructive and interesting and contains 
a mass of very valuable data, and said report should be on the desk of anyone connected in 
a responsible way with inland navigation. 

I would doubt with Professor Sadler the wisdom of driving a 1000-ton barge at a speed 
of 24 miles an hour through a channel 6 feet deep, but this has not been nor is it now my de- 
sire. I think for such speed a greater depth of channel is required—certainly not less in aver- 
age than 12 feet against a draught of 7 feet, and we may safely say that the average depth of 
channel between St. Louis and New Orleans is certainly not less than 12 feet, although of 
course over the bars there may be as little as 9 feet, or perhaps in some cases 8 feet of water. 

The remarks of Mr. Kemble are indeed very instructive and I regret exceedingly not 
having had the pleasure of meeting this member of the Society. 

The experience Mr. Kemble had with the smoke discharge of the average river steamboat 
is slightly different from my own, and I think I could convince Mr. Kemble with the correct- 
ness of my statement by taking him on the decks of any river steamer. The cracking of the 
s ot under his feet would quickly impress him that I am not so wrong after all. I do admit 
gladly, however, that of late this affair, which is after all of minor importance, has received 
better attention. 

I cannot agree with him about the wisdom of these big whistles but gladly grant him 
his point, although I can assure him it will be a very long time before there is an auxiliary 
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boiler to supply the steam for the whistle on any boat for which I am responsible. I would 
then rather follow Mark Twain’s prescription, namely, stopping the boat to blow the whistle. 

I believe Mr. Kemble has made a very unfortunate comparison between the tow barge 
and the self-propelled barge. I would not fora moment care to make such comparison. What 
I did compare was the unit of the self-propelled barge system against the tow system. As 
part of the tow system there are, for instance, the coal barges, some of them called “cracker- 
boxes,” but to compare these barges with the self-propelled barges seems like comparing a 
push-cart with a motor truck. In matter of strength I compare the self-propelled barge to 
the sternwheeler, or steel barges as built by the American Bridge Co. and the like, which, in 
my opinion, exceed by far the strength that would be required of them if they were handled 
with the proper care. 

I cannot agree with Mr. Kemble either when he states that, when I sent in August 
of last year a barge from New Orleans to St. Paul, we had 12 feet over what would be consid- 
ered normal stream height. As a matter of fact we had in many cases less than 5 feet in 
the channel, and had to do a good deal of hunting to find the channel at that. Our carrying 
capacity was greatly restricted on account of the very low water. 

Where Mr. Kemble says his sympathies are entirely with the screw propeller, I would 
like to answer that my sympathies are with no particular method of propulsion but merely 
with the best method under each circumstance. I do believe there are cases when the stern- 
wheeler is best, as, for instance, shown when I advocated the construction of the old type 
sternwheeler with steam engines and boilers on the Peace River. I for one do not believe any: 
judgment should be passed on any type of inland craft unless one is familiar with all the 
details—the route, channel, freight to be handled, distance to be covered, and many others. 
The fact I wanted to make clear is that this blind following of the sternwheeler on all our 
waters is not correct. 

His remarks about the screw would perhaps not have been made had he been familiar 
with the amount of driftwood the self-propelled barges have had to contend with for over 
two years. The changing of the propeller blade or propeller will eventually mean nothing 
more in time loss than the changing of a tire on an automobile, and this efficiency once es- 
tablished will certainly give added reasons against the sternwheel which lifts, on steamers now 
running between New Orleans and St. Louis, often as much as 50,000,000 gallon-feet of water 
needlessly. 

As to the chances of getting a screw-propelled barge off a sand-bar against that of a 
sternwheeler, I can assure Mr. Kemble that under many circumstances I would rather have a 
screw-propelled barge there than a sternwheeler. I think I would be able to quickly convince 
him should he be on a multiple screw-propelled barge when grounded. 

When Mr. Kemble says there are plenty of points on the Mississippi River where the 
current runs up to 13 miles per hour he must be mistaken, and I doubt if he could point 
out one place on the Mississippi, from St. Paul to its mouth, where the average current exceeds 
6 miles. There are two places where the current may exceed a speed of 8 miles on very 
rare occasions, but I doubt this. 

When Mr. Kemble referred to my statement that the cargo is carried on deck without 
any hatches he replied that he has not seen any steamers on the Ohio that did not embody 
these features. I think he must be mistaken. I frankly admit I do not know of a stern- 
wheel boat on any of the inland waters that has not some opening in the deck and which 
decks are watertight. 
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I do think that his statements about mud and changing of a bank 9 miles in three weeks 
is rather ludicrous. As to the change and stability of channels I suggest that he reads page 
109 of the report of the Chamber of Commerce of Rotterdam of 1913, which says a few 
words about the change of the channel in the Rhine which will put his statements to shame. 

I can agree with few of the statements made by Mr. Reid. Let me assure Mr. Reid I am 
not one of those foreigners who thought to revolutionize America the day after his landing. 
Most of what I have learned was learned here in the United States, and I look upon this 
country as a most kind employer and teacher. I have merely attempted to repay my grati- 
tude in doing my best, analyzing problems in my profession as I saw them, the privilege of an 
engineer, not the rights of a foreigner. I at least have never been one of those men, like Mr. 
Reid confesses to have been, who stated that the people on this side were a lot of “silly asses,” 
and I do not like to see Mr. Reid attribute such ideas to me, and will gladly grant him all the 
credit due to his statement that he claims. When he told the contractor that his plant was 
no “damned use,” I would suggest that Mr. Reid, if he is a foreigner like I am, had better 
study local conditions before he again makes such a statement. It has taken me many a 
year—almost ten now—of hard study before I was ready to condemn what I believe as an 
engineer to be wrong. No wonder Mr. Reid got a lot of antagonism, from which I have been 
able so far to steer clear to a great extent. 

Mr. Reid further takes issue with me and states that I am entirely wrong when claiming 
that the naval architects of this country ignore river navigation problems. A careful 
reading of his next eight sentences prove to a great extent, if not entirely, my statement, 
which, however, was not as strong as Mr. Reid put it. I have said neglected—not ignored. 

I am glad to see that Mr. Reid winds up by stating that after all I am copying what he 
has done before, only, according to his statement, “lost a good deal of money trying it,” 
and thus was not so successful as I. 

Mr. Reid further seems to doubt the possibility of building a boat which will navigate 
the New York State Canal and the Great Lakes. It is his privilege to doubt this, only doubt- 
ing Thomases have not so far moved the world. It may be of interest to him to know 
that money has been set aside to permit me to carry out my plans, which seems to show that 
money (naturally timid) is willing to agree with me. 

I wish to thank the Society for the opportunity afforded me in laying the matter before 
them, and I wish to repeat that the only desire I have had in reading this paper is again 
calling attention to the great inland water systems of this country and to impress the naval 
architects of the United States that a great opportunity and large rewards are waiting for 
those who care to devote a portion of their time and intellect to the solving of their problems. 
I will be the last man to claim I have solved all or any of these problems, but I do claim the 
fact that I am earnestly devoting the best that is in me toward understanding the difficulties 
confronting us, and if I can be in this manner of some service to this great country I shall 
consider myself particularly blessed. 


Mr. Parker H. Kemsie, Member (Communicated) :—I have read with much interest 
Mr. Bernhard’s criticism of my discussion on his very valuable paper, and would comment 
briefly on one or two points. 

As regards smoke—it is to be noted with interest that the photograph on Plate 14, sup- 
plied by Mr. Bernhard as an illustration of the “Typical Stern-Wheel River Steamer,” shows 
absolutely clean stacks although the boat is traveling at good speed. 
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As regards soot—although this introduces a new topic, as the original paper and my 
discussion refer only to smoke, I will say that I have found fully as much soot and cin- 
ders on the decks of our Atlantic coastwise vessels as on the decks of the river steamers, and 
I do not think that even Mr. Bernhard will venture to maintain that our seagoing vessels 
are absolutely out of date. 

As regards my “very unfortunate comparison between the tow barge and the self-pro- 
pelled barge” and his “I would not for a moment care to make such a comparison’ —if Mr. 
Bernhard will read his own paper he will find in the paragraph under discussion (page 
20, par. 3) that he compared the tow barge built by the American Bridge Company with his 
own barge, so I am only following in his footsteps. 

As regards the speed of current—I have before me a government report which gives, 
under the heading of “Currents Mississippi River,” a table of mean cross-sectional velocities 
for each month of the year. For February, near Fort St. Phillip below New Orleans, 6.5 knots 
is given. It also adds:—“The greatest velocity in a given section is generally about one and 
one-third times as great as the cross-sectional velocity.” 

If this be reduced to statute miles, this gives a speed of 10 miles an hour. In some 
of the reaches of the river nearer Cairo, this current velocity is at times materially ex- 
ceeded, particularly near cut-offs on a rising river. 

With regard to the carrying of cargo on deck—if he will refer to the paragraph on 
this subject in his paper he will notice that he particularly emphasizes that “I departed from 
the old ideas and placed the cargo on deck;” and further along in the same paragraph that 
“by placing the cargo on deck I had the advantage, etc. * * *’ My point was and is 
that all of the river steamers carry their cargo on deck and have so carried it for many 
years. 

With regard to the changing channels I would suggest that a study of the reports of 
the U. S. Army Engineers would be more illuminating to Mr. Bernhard as to what the 
Mississippi has done and is doing, than a study of the reports of the Chamber of Commerce 
of Rotterdam, on “the change of the channel in the Rhine.’’ Also, the next time he is going 
up the Mississippi, if he will spend a half-hour examining the conditions at Point Pleasant 
Reach, he will see the river preparing for a cut-off, which, if not checked by the govern- 
ment, will cut off twenty odd miles of channel and leave New Madrid nine miles inland. 

Plate 25 shows a typical stern-wheel river steamer with the slight haze at the stack, 
which shows good firing. The plate also shows the cargo all on deck and a construction 
which requires careful loading and unloading in order not to destroy the structure—both 
points for which, according to his paper, Mr. Bernhard claims original credit. 


Tue PRESIDENT:—We will now pass to Paper No. 4, entitled, “Variation of Fric- 
tional Resistance of Ships with Condition of Wetted Surface,” by Naval Constructor William 
McEntee, U. S. N., Member. In the absence of Mr. McEntee, the paper will be presented by 
Naval Constructor Joseph H. Linnard, U. S. N., Retired. 


Naval Constructor Linnard presented the paper. 
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VARIATION OF FRICTIONAL RESISTANCE OF SHIPS WITH CONDI- 
TION OF WETLED SURFACE, 


By Navat Constructor WILLIAM McEntesr, U. S. Navy, MEMBER. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


Considering that frictional resistance is the most important element in the 
resistance of practically all ships, it is noteworthy that investigations of condi- 
tions affecting it have been relatively few. Although there have been many at- 
tempts made to reduce this resistance by different methods and there are many 
references made to its increase from fouling, there appear to be relatively little 
actual data as to the quantitative variations obtained. 

The results here given are based on a series of tests made at the United States 
Experimental Model Basin during a period extending somewhat over a year. The 
investigation was begun by Chief Constructor D. W. Taylor, U. S. Navy, before he 
gave up the immediate direction of the Model Basin work as a result of his appoint- 
ment as Chief of the Bureau of Construction and Repair in the Navy Department. 
The writer therefore thanks him for permission to use the data given in the pres- 
ent paper. 

The coefficients of friction for different kinds of ordinary surfaces, and for 
variation in length of surface, were determined, as is well known, in experiments 
made by William Froude years ago, and subsequently confirmed by other experi- 
menters. These are the coefficients used in estimating the frictional resistance of 
a new ship with clean, well-painted bottom. When, however, the condition of the 
bottom changes, the resistance changes, and the extent of this change is a matter 
of prime interest. 

In considering this general subject, two queries naturally arise:—(1) On actual 
ships, what is the increase in resistance due to fouling? (2) Is it possible to reduce 
the frictional resistance by modifications in the condition of the frictional surface, 
or by the application of materials which would tend to make the surface smoother? 


EFFECT OF FOULING. 


The method adopted to investigate this subject was to expose to fouling in sea 
water twelve 10-pound steel plates 2 feet wide by Io feet long, painted with two 
coats of anti-corrosive paint. The plates were placed in the water July 10, 1914, at 
a point in the Chesapeake Bay near the navy yard, Norfolk, Va., where the water 
ordinarily has a density of 1.02; that is, contains about 75 per cent as much salt as 
is ordinarily found in sea water. 
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The plates were removed from the water at intervals of one month, carefully 
packed so as not to remove any of the fouling, which consisted mostly of small 
barnacles, and shipped to the Model Basin, where they were tested to obtain the 
frictional resistance. The appearance of three of the plates removed from the 
water at the end of three, seven and twelve months, respectively, is shown on 
Plate 29. 

Each plate as received at the Model Basin was tested at speeds ranging from 
114 knots to 8 or g knots, and gave results which are shown typically for one 
plate on Plate 26. After this the plate was carefully cleaned, scraped and repainted 
with a coat of Norfolk anti-fouling paint and retested at the same range of speeds 
as when fouled, and the coefficient and exponent for the clean condition determined. 
The fouling matter removed from the plates was weighed so as to give a measure 
of the amount of fouling. The weights given by the dotted line on Plate 27 are for 
this fouling matter when dry. 

On Plate 27 is shown the resistance of the fouled plate at 10 knots as a percent- 
age of the resistance of the same plate when cleaned and painted. These resist- 
ances are plotted on the time during which the plate has been exposed to fouling. 

In Table I the data obtained at different speeds are given in tabular form. 

It will be seen that the maximum increase is such that the resistance when 
foul is four times as great as when the plate is clean and freshly painted. 

Referring to Table I it will be seen that not only does the coefficient of friction 
increase greatly but that the exponent in the formula, R = SfV’", also increases and 
has a value averaging about 2.00 as compared with the value of about 1.88 for 

the clean plates. 

These results indicate the importance of keeping a vessel’s bottom clean and 
well painted, though it is not considered that the relative effect on a ship’s resistance 
due to an equal amount of fouling would actually be as great as that obtained in these 
experiments, as it seems probable that the decrease in frictional coefficient due to 
increase of length would be relatively greater for the foul condition than is found 
to be the case for clean, smooth surfaces. 


EFFECT OF LUBRICATION. 


At various times attempts have been made to reduce the frictional resistance 
of ships by lubricating the under-water surface or by polishing it to a high degree 
of polish with various materials. One favored method used for racing yachts is 
to polish the bottom with black lead or graphite. An investigation of the benefits 
to be expected from such polishing or lubrication has recently been made at the 
Model Basin with friction planes of the dimensions shown on Plate 28. The two 
planes used were those with which the frictional coefficients of several ship bottom 
paints were determined a few years ago. These planes are roughly 20 feet by 2 feet 
by 34 inch, with ends sloped forward at an angle of about 30 degrees. Total wetted 
surface for each is about 82 square feet. 


OF SHIPS WITH CONDITION OF WETTED SURFACE. a) 


The planes were sandpapered smooth and coated with shellac, and in this 
condition were each towed in the water at speeds ranging from I to 11 knots. 

One plane was next coated with black lead or graphite, which was mixed in 
sour milk and applied with a brush to the shellacked surface of the plane. When 
dry, the lead was rubbed down to a fine, smooth polish. Ten runs were made with 
this plane at speeds from 5.1 to 6.5 knots. The graphite seemed to cling well to the 
surface and showed no abrasion or wear. When wet, however, it was easily rubbed 
off. 

The next material tried was ordinary Ivory soap, which was mixed as a thick 
emulsion in water and applied with a brush. The plane was run at speeds from 6 
to 9 knots. The soap left a whitish streak in the water the first run, but not 
thereafter. The resistances obtained on all of the runs were consistent, so that the 
quality of the surface was probably unchanged during the course of the experi- 
ments. 

Two other lubricating materials experimented with were heavy cylinder oil 
and light cylinder oil. The oil was applied to the shellacked surface of the plane 
when dry with a brush, the plane being suspended over the position in which it was 
attached to the towing carriage, so that it could be run in the water as quickly as 
possible after the application of the oil. The plane with the heavy engine oil was 
run at speeds from 6 to 8% knots. The observations obtained were consistent, but 
the slope of the resistance line when plotted on log paper indicated that at speeds of 
about 3 knots the frictional resistance would fall below that of the smooth, shel- 
lacked surface. This peculiarity is possibly due to the fact that parts of the oil 
formed in drops or globules and wavelets, increasing as the speed increased, thus 
changing the condition of the surface which might, if tested at lower speeds, not 
have given results lower than shellac. 

The experiments with the light engine oil indicated that for the first two runs 
the resistance was a small percentage greater than for the shellacked surface. Ap- 
parently as the oil was washed off the resistance decreased until the resistance 
agreed with that previously obtained with shellac. 

The results of the experiments indicate that no advantage over a smooth var- 
nish or shellacked surface is obtainable with the materials used. For each lubri- 
cated surface the resistance is greater than for the shellacked surface. The re- 
sistance increases in the following order :—Black lead, light engine oil, Ivory soap, 
heavy cylinder oil. 

The gross resistances for the different surfaces, with actual observed spots as 
plotted on logarithmic paper, are shown on Plate 28. 

The lubricated surfaces were tried only over a limited range of speeds, from 
6 to 9 knots, as it was thought that the exponent in the formula R = SfV" could 
not be used, owing to the changing condition of the surface due to the washing off 
of the lubricating material. Actually it was found, however, that the light engine 
oil was the only material for which the resistance changed rapidly, and that washed 
off quickly so that the resistance came down to that for shellac. 
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TABLE II. 
Net resistance | Percentage in- 
Surface. Plane. pices octal Exponent. at 7 knots | crease in resist- 
de ; in lbs. ance at 7 knots. 
Shellachterparcsieteeteireek AB 82,12 .00878 1.883 28.1 
Shellaci.myascnerrrdee CD 82.20 .00849 1.886 27.4 
Black lead ........... CD 82.20 .00866 1.886 27.9 2 
Light engine oil....... AB SZALZE MAN btcrrcpece | be ventas 28.3 5* 
Ivory soap............ AB 82.12 -01045 1.898 34.5 23 
Heavy cylinder oil..... CD 82.20 .00484t 2.38T 40.5 48 


*At 6 knots. 


tT his low coefficient of resistance is combined with a high velocity exponent and probably would become greater 
at speeds lower than those at which experiments were made. 


DISCUSSION. 


THE PRESIDENT :—Gentlemen, you have heard this paper on “The Variation in Fric- 
tional Resistance of Ships with Condition of Wetted Surface,” by Naval Constructor William 
McEntee. Is there any discussion of the paper? 


Sir ARCHIBALD DENNY, Member (Communicated) :—That fouling of the nature and 
extent dealt with in this paper has a most prejudicial effect is not surprising, but we have 
found here that fouling which does not exhibit any visible growth is also prejudicial. After 
launching, the vessels lie in brackish water in our fitting-out basin, and it is our practice, 
as often as possible, to run a preliminary trial before docking, and a complete set of pro- 
gressive trials after docking, when we frequently get an increase in speed of half or even of 
three-quarters of a knot. ; 

Examining the bottom in dock we find no apparent fouling; indeed the surface seems 
exceedingly smooth and even slippery. By repeated comparisons before and after docking 
we have got a figure for the effect of this fouling, namely, that for each day a vessel lies in 
our dock the skin friction resistance increases at the rate of nearly %4 per cent per day, 
and this we have found to be true for periods as long as three months. It would be interest- 
ing if similar experiments could be made in other districts, as, although we have no definite 
evidence of it, we have reason to believe that the kind of fouling that takes place in Glasgow 
harbor disappears when the vessel reaches salt water. The Glasgow harbor is only 16 miles 
up the river Clyde from here, but our yard is on the river Leven—a tributary to the Clyde, 
and it may be that the water of the river Leven causes a different kind of growth. 


Nava. Constructor McENTEE (Communicated) :—The statement of Sir Archibald 
Denny with regard to the experience of his firm in the increase of frictional resistance of 
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ships is extremely interesting. From the tests made as reported in the present paper it 
appears that the average increase on the plates is about four times that reported in Glasgow 
harbor; in other words, it is about 2 per cent per day. As stated in remarks in the paper, 
the extension of these results to full-sized ships would require an allowance to be made for 
the change in coefficient and exponent due to length, and this is a matter which it is hoped 
may be determined in future investigations. The statement with regard to there being no 
apparent reason for the increase in fouling, in that the surface of the vessel seems exceed- 
ingly smooth and even slippery, is also confirmed by the experiments made at the Experi- 
mental Model Basin, in which it is shown that surfaces which have been oiled or coated 
with soap have more resistance than the plain, hard-varnished surface. It must be confessed 
that this result is contrary to that which might naturally be expected from a priori reason- 
ing. If arrangements could be made to run a trial trip of a vessel at equal intervals, say 
of two months, over a period of a year, it might be possible to get further light on this 
interesting and important subject. 


THE PRESIDENT :—We will now take up Paper No. 2, entitled “Recent Progress with 
the Active Type of Gyro-Stabilizer for Ships,’ by Mr. Elmer A. Sperry, Member. 


Mr. Sperry presented the paper. 


RECENT PROGRESS WITH THE ACTIVE TYPE OF GYRO-STABILIZER 
BOR SHIPS: 


By Evmer A. Sperry, Esg., MEMBER. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


It was due to the desire on the part of the officers of our navy to obtain re- 
liable data at first hand that certain noteworthy experiments on board the U. S. S. 
Worden with the active type of gyro-stabilizer were undertaken. The gyros were 
fitted to her main deck solely for experimental purposes and for obtaining very 
complete data and records having an important bearing on the question of stabi- 
lization. The observations thus made were quite diversified as they were made to 
include the stabilizer plant proper, all the features of automatic precession con- 
trol, methods of producing artificial precession of the gyros, and also observations 
on the ship itself under conditions of stabilization as to motion and behavior and 
also the effect upon the structure. As a result of this work it has been established 
that the gyroscope is useful in solving certain problems at sea, and orders have 
been issued for fitting permanent plants, thus putting it into practical service. 

Since this work further investigations have been in progress. Among these 
have been determinations of the exact amount of the true wave increment the 
gyros are required to neutralize, involving the relation of the gyro-quenching in- 
crement to the natural extension curve of roll of the ship. Some of this data was 
touched upon in the paper presented to this society in December, 1913. 

Since this time further experience has been obtained and a number of experi- 
ments have been undertaken to determine the relation of ship to gyro. It is grati- 
fying to note that all of this work has proven the soundness of the basic formula 
originally laid down by Naval Constructor Taylor, now Chief of the Bureau of Con- 
struction and Repair of our navy, in course of which he points out that gyro mo- 
ment of stabilizer equipment for ships varies directly as the characteristic of the 
ship; 1. e., the product of the displacement, the metacentric height and period of roll. 
There is no variation from this rule involved in the fact that it has been definitely 
ascertained that small boats require relatively larger moments or greater stabilizing 
power than is the case with larger ships. This means that waves of given magni- 
tude beleaguer small ships more than they do large ones, which is to be expected, and 
therefore require relatively more roll quenching power to be fitted. Again, it is pos- 
sible to adjust the plant in other ways to meet special conditions such, for instance, 
as limited space, met with in the case of submarines; limited weight, which is the 
case where the gyro is placed on deck, as in the motor yacht Widgeon, and which 
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is also the case with submarines; then again the condition where a limited power sup- 
ply is available for spinning the gyro or gyros and handling the equipment. 

Inasmuch as the roll quenching power of the gyroscope varies as the square 
of its diameter and only directly as its speed and weight, and inasmuch as another 
factor, 7. e., the power required for spin at the higher rates, varies almost directly 
as the cube of the peripheral velocity, it will at once be seen that where ample 
space is available and the matter of weight is not critical the rotor and spread of 
bearings may be so adjusted as to require a minimum of power for maintaining the 
spin of the wheel for a maximum of gyroscopic moment; and vice versa where only 
a limited space and weight are permissible and an abundance of power available, 
a small gyro spinning at higher velocity may be utilized for developing compara- 
tively large stabilizing moments. 

As is characteristic of western enterprises, it has come to pass that the first 
commercial gyroscope stabilizing equipment to be installed has been placed upon the 
beautiful little yacht Widgeon plying on the Great Lakes, owned by Mr. H. M. 
Hanna, Jr., of Cleveland, Ohio. This was placed in service in the autumn of 1915, 
and is of the full active type. The characteristics of the Widgeon, after some in- 
vestigation, were determined to be as follows:— 


Displacement. SE OE at nee Ra I 165 tons 
Metacenttic: heipht: iy 2 cijc slope oerey ways cena 175 vt! 
Period, ot rollover and) back. oes -s oer 4.75 sec. 
Wrateraine lemptha) cc eest em ators a aye eae eens 120 ft. 
Waterline beams. ict vests: etartcncca eh 18 ft. 2 inches 
Total submerged amidship section ........... 80 sq. ft. 


For this ship a gyro was selected giving a K*W 2,700 lbs.-ft.’, 2,750 revolu- 
tions per minute, roll quenching power per increment, 5°, the gyro rotor, shaft and 
armature weighing 2,150 pounds. 

The space selected as best suitable under all conditions for the location of the 
plant was on deck just abaft the stack, where it has been surrounded by a cabin- 
like housing (shown in process of building in Fig. 1, Plate 30), conforming with 
the superstructure of the yacht, provided with windows permitting full observa- 
tion of all of the movements and oscillations of the gyro, which are known to be 
more or less unusual and interesting in character. The total weight of the equip- 
ment is about 1 per cent of the displacement. 

This yacht was looked upon as being a very free roller and has been reported 
to have rolled through an arc of 70° or thereabouts. The gyroscopic roll recorder 
(see Fig. 18, Plate 36) afterwards employed in this ship showed, however, that 
the estimate of roll from the ship’s clinometer may have exaggerated this arc to 
some extent. After installation it was found that when the gyro was thrown “off” 
a free roll of from 24 to 40° of total arc was quickly developed while running in the 
trough of the sea, and when the gyro was thrown “on” this was quickly reduced 
and held at 2 or 3°. 
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From the characteristics of the Widgeon the position selected and the fact 
that a little gasoline-electric generator installed for the purpose was available for 
driving the gyro, a wheel of 3 feet diameter by 10 inch face was adopted as the size 
best suited to the conditions. This wheel, shown in Fig. 2, Plate 30, is run at very 
low fiber stress, giving a very large factor of safety, the maximum stress being 
about 12,000 pounds. The current supply being direct current, a direct-current 
motor was constructed practically as a part of the rotor shaft, as is shown in Fig. 
25) Plate: 30. 

In reviewing this figure it is interesting to note how small a motor is really re- 
quired to maintain such a wheel as this at a speed of about 2,750 revolutions per 
minute, this motor having run the wheel repeatedly to 3,500 for over-stressing and 
test purposes, the motor shown being in excess of the actual spinning require- 
ments by fully 300 per cent for quickly energizing the mass in getting up to speed. 

At the ends of the shaft are located the main bearings which, though specially 
made, are the ordinary annular ball type, ample provision being made for taking 
care of the end thrust. In each end of the casing there are oil wells and a little 
slowly rotating oil pump which circulates the oil upwardly through the coolers, a 
strainer seen in Fig. 4, Plate 31, and back over the top of the bearings, thus insur- 
ing both ample lubrication and cooling of the bearings. The temperature difference 
between the incoming and outgoing oil is just noticeable when the gyro is doing full 
duty in heavy weather, this temperature practically equalizing when the gyro is not 
precessing. 

It is interesting to note that while the radial load on these bearings varies be- 
tween practically zero and about 6 tons, the power varies only slightly—one ob- 
servation showed a change of from 35 to 40 amperes only between these two con- 
ditions. This indicates that the power consumption is due in small degree only to 
the bearings, be they loaded or otherwise, but largely to windage, which is constant 
for constant speed, which was maintained in these tests. 

The system of control is practically identical with that which was finally 
adopted in the last experiments on the Worden, that is, a small auxiliary gyro, 
shown in Fig. 5, Plate 31, is employed to feel out the incipient rolling of the ship by 
closing small electrical contacts plainly to be seen, as soon as the ship rolls very 
slightly one way or the other. These contacts are required to handle only a very few 
watts, in fact about one-quarter of the energy of an ordinary incandescent lamp, 
and through a relay switch serve to actuate a small reversing motor which consti- 
tutes the precession motor shown in Fig. 6, Plate 32. This motor precesses the 
gyro upon its main supporting gudgeons at the ends of the frame; it is here that the 
gyro lays hold upon the ship to control its movements. 

To follow the motion of the precession motor, it is transmitted through a cen- 
trally located flexible coupling on the periphery of which is seen the solenoid-con- 
trolled brake, which always goes “on” when the motor is “off,” and vice versa. 
The coupling drives a worm engaging a worm gear within the oil-tight housing 
to the left in the figure (Fig. 5). The steel pinion seen in the foreground at the end 
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of the worm gear shaft engages the circular rack upon the precession frame, shown 
in Fig. 7, Plate 32, so whenever the motor turns in either direction the precession 
frame slowly tilts or oscillates to and fro upon its main gudgeons. The response to 
slight angles in the ship’s motion is found to be very complete—one person walking 
from rail to rail actuates it—and practically without time lag. With each of these 
tilts of the gyro very heavy gyroscopic moments are developed and delivered to the 
ship simultaneously with and in opposition to each wave increment from the sea; 
these opposite forces cancel each other and, while this contest of forces goes for- 
ward, the ship, with its ponderous mass which always requires time to take on mo- 
tion, stands aloof and does not move one way or the other until one of these forces 
conquers. The gyro is always victorious and the ship is thus actually given an in- 
cipient roll in the opposite direction and the contact of the little controlling gyro 
which initiated all of these movements is finally broken, the precession motor stops, 
the brake is applied and the generator of heavy opposing gyro moments in that par- 
ticular direction is brought to an end. The gyroscope itself is thus free and stands 
ready to neutralize and quench the next wave increment or rolling increment which 
usually arrives from the opposite side ofthe ship, whereupon the above cycle of 
operations causes the gyro to automatically oscillate oppositely and effectually pre- 
vents any roll beginning in the opposite direction. 

Inasmuch as all rolling of ships is due to an accumulation of individual wave 
increments, and since each increment is checked and neutralized, as we have seen, 
the ship never starts to roll and therefore never rolls. 

The plant works very smoothly and practically without noise and seems to per- 
form its duty easily. A little reversing switch provided with nameplates plainly 
marked “Rolling” and “Stabilizing” allows the stabilizer to be operated to roll the 
boat at will. This is useful in working off from sand bars, mud banks, negotiating 
ice packs, etc. In fact this has already been found extremely serviceable in the shal- 
low waters of Toledo inlet. 

Other points that have been definitely settled by the operation of the stabilizer 
are as follows: 

That under conditions of a strong wind which had been blowing all day, with 
Government storm warnings hoisted all along Lake Erie, a trip was made from 
Toledo to Cleveland, in the evening, where with the gyroscope “off” the ship rolled 
up to 25° each side of the vertical, and with the gyroscope “on” this roll was quenched 
down to an average of 3° or less, the interesting point being that the boat steered 
very much steadier and made her run in as good time as on any previous trip, includ- 
ing calm seas, and also while being stabilized her decks remained dry. 

The gyro being mounted right over the main saloon it was feared that the deck 
would operate as a sounding board and the noise would be objectionable. This, 
however, was not found to be the case. While one is conscious of some noise, es- 
pecially in choppy and uneven seas, there seems to be no difficulty in carrying on an 
ordinary conversation. There is no noise whatever in any of the staterooms aft. 
It is gratifying to note also that the chief engineer and others who reviewed the 
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operation of the plant have reported that they are satisfied that it is “thoroughly 
practicable and that there will be no difficulty in keeping it in proper operating con- 
dition.” 

Fig. 8, Plate 33, shows an elevation, partly in section, of the plant with a few 
rough dimensions. 

Fig. 9, Plate 33, shows the gudgeons as secured to the structural steel supports. 

Fig. 10, Plate 34, shows the detail of one of the gudgeons. 

Fig. 11, Plate 34, shows the detail of the shaft with principal dimensions, with 
outline of rotor. 

Through the courtesy of the owner of the yacht automatic records of the per- 
formance of the plant have been made, extending over a number of sea trials, in- 
cluding also some rolling records, all of which are available for use of the Depart- 
ment. 

The gyroscopic recorder employed to make these records is shown in Fig. 18, 
Plate 36. 

An attachment was made to the gyro plant so that a pen upon the tape might 
indicate the characteristic precession movements of the gyro during stabilization. 
Fig. 12, Plate 34, shows such a curve. This is interesting as it clearly shows the 
different magnitudes of the precession movements of the gyro as they automatically 
adjust themselves to the neutralization of widely different wave increments apply- 
ing forces from the sea to either side of the ship. Some of these wave increments 
require a full precessional oscillation, others requiring only a very trifling preces- 
sional oscillation. Instances are also seen where successive wave increments come 
in from the same side of the ship, requiring a second oscillation in the same di- 
rection for their quenching. 

This diagram also shows another interesting feature, namely, how the forces of 
the sea arriving first on one side of the ship and then on the other are transmitted 
through the structure of the ship to the gyro equipment in the form of static forces, 
causing very great disturbances and activities of the gyro equipment, while the ship 
through which these forces are transmitted stands practically quiescent and free 
from motion (other than the incipient rolls necessary to actuate the little control 
contacts). 

Fig. 13, Plate 35, shows records taken while the stabilizer was rolling the 
boat, with the gyro wheel spinning only 1,100 revolutions per minute. This rec- 
ord indicates that the gyro running at this speed was enabled to impart to the 
yacht only a trifle over a degree per cycle of the oscillations of the gyro, and this 
only in the middle of the roll; an amplitude was quickly reached beyond which 
the precession motor was unable to oscillate the gyro at sufficient amplitude to in- 
crease the rolling of the ship. At this point a balance is struck, the energization of 
the ship from the gyro is just equaling the natural friction increment of the yacht 
for this amplitude. The back reaction of the movement of the ship gradually cut- 
ting down the oscillating amplitude of the gyro against the precession motor is also 
clearly seen in this figure. 
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In stabilizing a ship with the active type of gyro no effort is made to hold the 
ship exactly vertical. On the contrary, the ship has full freedom in point of list, 
due either to distribution of load or wind or both. That is, the stabilizer holds the 
ship from motion, allowing it to take up any natural central position it chooses and 
to change this position from time to time, as conditions alter. Attempt has been 
made to show this in Figs. 14 and 15, Plate 35. In the latter the ship was turned 
back and forth with reference to the wind so as to emphasize the independence of 
the wind list. This is shown by the wandering line drawn through the center of the 
oscillations. In Fig. 14 the ship is being stabilized while in the trough of the sea, 
while in Fig. 15 the ship is brought in and out of the trough of the sea. 

Figs. 16 and 17, Plate 36, show the rolling records while going in the trough of 
the sea with the gyro “on” and “off” in medium wind. The maximum amplitude is 
marked at several points on the chart, together with the points where the gyro was 
thrown “on” and “off.” Fig. 16 is brought in as exhibiting one very interesting fea- 
ture, namely, that the rolling of the ship is always due to an accumulation of indi- 
vidual wave increments. These are seen to increase quite uniformly from the right 
to the left when the gyro is thrown “off.” 

The thanks of the author are due to the many courtesies received from the 
owner of this yacht, Mr. H. M. Hanna, Jr., and his officers and crew. 


DISCUSSION. 


THE PRESIDENT :—We will be very glad to hear discussion on this paper entitled, “Re- 
cent Progress with the Active Type of Gyro-Stabilizer for Ships,” by Mr. Elmer A. Sperry, 
a Member of the Society. 


Mr. K. OrBANowSKI, Member :—I have had occasion to follow up the development of the 
anti-rolling tanks of Frahm in Hamburg, and I am therefore very interested to see what pro- 
gress the invention of Mr. Sperry has made in this country in the few years since he first 
undertook this work. 

With Frahm’s tanks they had especially satisfactory experiences on big ships and a certain 
European government undertook about a month’s trial in the Atlantic with a steamer of about 
3,000 tons under all possible conditions and directions of sea and wind. The result which it 
reached at the end of a month’s experiment was that the rolling in the average decreased by 
about 50 per cent. 

We are impressed here today with the success of this invention by Mr. Sperry for smaller 
vessels, and there seems to be in this country great faith in it for the big ships. So I would be 
much interested to know what Mr. Sperry himself thinks in this respect, what dimensions and 
weights of stabilizer we may expect to apply for bigger displacements, and if there is a me- 
chanical possibility of using his invention for the steadying of large ships with the same suc- 
cess as has been attained with the invention of Mr. Frahm. 

Referring to the advantage of anti-rolling devices for the increase of speed mentioned 
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by Mr. Sperry, I want to put a specially interesting test before you gentlemen which we made 
in this respect. We had experience with two sister ships, one with bilge keels and the other 
with rolling tanks and without bilge keels. There was an appreciable difference in favor of the 
latter, as far as I can remember about .43 knot at 29 knots. 

I think that is very great proof of the value of an invention like Mr. Frahm’s or Mr. 
Sperry’s in the direction of the development of speed for the faster ships which are to come 
in the future. 


THE PresIDENT:—Are there any further remarks? Mr. Sperry, do you want to reply 
to the comments that have been made? 


Mr. Sperry :—Replying to Mr. Orbanowski, there is no limit to the size of ships 
to which the stabilizer can be applied. The weight goes down, comparatively, as the size 
of the ship increases, as mentioned in the paper. We find that smaller boats require more 
stabilization, relatively, as is apparent, because a given wave interferes with a small boat to 
a greater extent that the same wave interferes with a large boat. The stabilizing unit se- 
lected for the 10,000-ton naval vessel I mentioned weighs 80 tons, including entire equip- 
ment and all auxiliaries. That is .8 of 1 per cent of the displacement. That plant will abso- 
lutely hold the ship against all beginnings of roll up to nearly 4 degrees for any single wave 
increment arriving from either side. For larger ships the plant should never, I would say, 
go above 1 per cent of the displacement. The entire plant is small as compared with the ship; 
you can hardly find it on board. 

One word, now, as to anti-rolling tanks which were referred to by Mr. Orbanowski. 
These are in line with practically all attempts at stabilization prior to the work on the Worden; 
that is, the stabilizating moments in each instance depend for their very existence upon 
a certain amount of motion being first acquired or developed by the ship. When these mo- 
ments are finally generated they act to reduce the roll so as to cut it down by some predeter- 
mined fraction only. 

With anti-rolling tanks it was found that a certain critical condition existed between 
the natural period of the waves of the sea, the natural period of the ship and the period of 
the water in the tank which, when brought into proper adjustment, would bring about a min- 
imum of motion of the central element, namely, the ship, and the maximum activity of the 
water pendulum. But it was found, upon trial, that this relation was not only critical to the 
point of being theoretical, but very difficult to attain and still more difficult to maintain, the 
wave period being non-persistent and very erratic. 

The Construction Bureau of the British Admiralty after critical trials reported that the 
stabilization depending upon this relation, which was the only stabilization from tanks worth 
mentioning, could only be secured about once a year when the three relations happened to 
come right. What happens, however, when these conditions are wrong, as they nearly always 
are, is that the tanks then increase the roll instead of decreasing it. 

The French and Italian governments, after careful testing, abandoned tanks for virtu- 
ally the same cause. 

The stabilizing tanks placed in the Imperator and her sister ship have been removed. 

Our own government instituted probably the most complete set of trials with tanks that 
has ever been made. A vessel was equipped with no less than three stabilizing tanks—more 
than were ever before installed—each made adjustable, and the verdict was in a rather unex- 
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pected direction and characteristic of the keen insight of our officers. This verdict was that 
the navy did not possess personnel who could be depended upon to adjust the periodicity of the 
stabilizing tanks so as to bring about the described critical relation between the three elements; 
without this critical relation being reached and maintained, the tanks were not only worthless 
but more likely to be a menace than a benefit. 

Among other disadvantages of tanks was the fact that the construction, together with 
the water in the tanks, had to run up as high as 5 per cent of the total displacement of 
the ship to be at all effective. The specific gravity of water being only 1, the tanks have to 
be very large. Furthermore, they were compelled to occupy the most valuable amidship sec- 
tion of the ship at its fullest beam, otherwise their lever arms were inadequate and they 
had to be made still larger, heavier and more unwieldy. 

After years of investigation this system of stabilization has been condemned and its use 
discontinued. At best, all of these systems, regardless of their origin or character, are pas- 
sive and seek only to diminish to a certain extent the rolling of ships. 

In contradistinction to this class, the new stabilizer is offensive in its method, 
it approaches the proposition from an entirely new standpoint, namely, the suppression of 
all roll, never allowing the ship to start or begin to roll, as has been previously explained 
by me before this body. 


THE PRESIDENT :—I am sure we are all very much interested in Mr. Sperry’s paper and 
have been much instructed by it, and the thanks of the Society are tendered to Mr. Sperry 
for the paper. 

The next paper to be considered is No, 5, entitled, “The Determination of the Resist- 
ance of Ships. Present Day Status of the Art,’ by Mr. Ernest H. Rigg, Member. 


In presenting the paper, Mr. Rigg said:—‘‘We are singularly fortunate in being favored 
practically every year, both here and abroad, with the results of work done in the various ex- 
perimental basins. The gentlemen in charge of the tanks in this country are very free in com- 
municating the results of their work to the Society. I therefore found considerable difficulty 
in bringing anything new to your notice, and nothing new is claimed for this paper, but I 
thought it would be of interest and value to those who are engaged in powering ships to be 
presented with a general statement as to the present status of the art. 

“My paper has, therefore, been an attempt to summarize and bring before you in concise 
form as much of the modern literature on this subject as I could find. I do not propose to 
read the paper, as the discussion on this and the other papers will be of more value than 
reading through the whole paper. 

“Referring to Mr. Bernhard’s paper of this morning and the problems of propelling that 
type of vessel, Professor Sadler told us of some work done by the government, which is at 
present not made public. I think there is something that will be of interest to all concerned 
in that type of vessel in Mr. Baker’s book which has been recently published; it has an in- 
teresting section on the propulsion of barges and barge forms, which probably covers a good 
deal of the matter that is in the government publication which Professor Sadler spoke of.” 


Mr. Rigg then proceeded to abstract his paper briefly. 


THE DETERMINATION OF THE RESISTANCE OF SHIPS. PRESENT 
DAES Aw S2Ob Trin ART 


By Ernest H. Rice, Esg., Member. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


When it was suggested to me that a continuation and extension of the paper 
I had the honor of reading before the Society in 1912 on ‘Fuel Economy as In- 
fluenced by Ship Design” would be interesting and of value, I quite recognized 
the interest and value of further light on this increasingly important subject, and 
in reply stated that I feared such a paper would contain very little original mat- 
ter, but that if the Society would like to have placed in its transactions a review 
of recent published investigations, together with a review of our present knowl- 
edge on the subject of powering ships, I should be glad to undertake the task. 
Such a review can be made of decided value, the transactions thereby becoming 
so much the more useful to those who design and power ships. This, then, is the 
object of the paper. 

The subject naturally divides itself into two parts of primary importance, one 
concerning fine types of ships, and one concerning full types; where the line be- 
tween the two should be drawn is by no means clearly defined, but, in practice, 
warships and passenger liners constitute the fine types and cargo steamers the full, 
with, of course, some exceptions to be found both ways. Motor boats, submarines 
and hydroplanes are now the subjects of increasing investigation; the usefulness 
of the two latter types in the great war insures a measure of attention hitherto 
' given only to the larger naval vessels. Published data are already assuming con- 
siderable dimensions, but there remains, however, plenty to occupy the staffs of the 
various experimental tanks the world over. 

This paper will deal more particularly with general naval and mercantile 
types. One of the first things that strikes the reader of the various authorities on 
this subject is the desirability of a uniform system of notation throughout the 
technical world. Anyone who can do something to bring this about will have 
earned the gratitude of all naval architects and naval engineers. 

The lucidity of Taylor’s “Manual on Marine Propulsion” stands out as one 
of the chief merits of the book, practically all fundamental points being covered. 

American writers generally follow the same lines, but, when we read recent 
and valuable papers written abroad, we naturally find different systems of notation 
in use. There is, in practice, danger of serious error in using first one reference 
and then another, besides the labor of reduction of results from one system to the 
other, so that anything tending towards an international standard is well worth 
encouragement and advancement. 
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In recent years marked reductions in the power necessary to drive a given 
weight of ship and cargo at a given speed have been made; the experimental tanks 
are justly proud of the cuts they have been able to make in the power for models 
submitted to them for test. They are the people best placed to keep in touch 
with developments so far as smooth-water results are concerned and are now pro- 
ducing tangible results for merchant ships of all types as well as for warships, both 
here and abroad. 

In 1912 the author read a paper before the Society which pointed out several 
instances of saving due to experimentation; before and since then much has been 
written and something has been done to keep down coal bills. At the Franklin 
Institute, Philadelphia, in the same year; I ventured to suggest that the saving in 
coal made by the naval architect might well be handed back to him in part to pro- 
vide extra subdivision and stability for passenger ships—by no means a bad reply 
to the question of extra first cost of additional beam and bulkheads—so that the 
passenger need never really know any material difference in the price of his ticket 
due to increased first cost of ship. 

The efforts connected with twin-screw drives for full-cargo ships, both steam 
and motor driven, have recently shown some unusually good results. Recent col- 
liers built for the navy are cases in point, and their trials and service results are 
of particular value in all similar twin-screw vessel design, steam or motor. 

In recent years a strong tendency to conduct systematic experiments on ship 
resistance is noticeable, and for this we cannot be too grateful. Isolated pullings 
of models as submitted are necessary, but it is only when the lessons drawn from 
these experiments are followed by systematic research that the profession as a whole 
begins to derive benefit from the work done. We have passed from the stage of 
individual and disconnected experiments to that of systematic research directed 
along lines that are already having a marked effect in reducing power or increas- 
ing speed in shipping generally. \ 

It should also be remembered that model experiments are only half the battle; 
they must be followed by a progressive trial on the measured mile in order that 
the design of the propellers may be verified and the performance of the machin- 
ery properly noted. This trial should be conducted at the same trim and draught 
as the model was towed, and this should be as near the working load draught as 
possible and deep enough to give proper immersion to the screws. It will not al- 
ways be easy for the builders to arrange for the loading of the ship, except in 
the case of oil tankers; but this can generally be managed at the expense of a few 
hours’ delay to one voyage after the vessel is in service, once the owners realize 
the savings that are at stake. 

At the time (1910) of the publication of Admiral D. W. Taylor’s manual the 
literature of this subject was beginning to assume good proportions. It was, how- 
ever, scattered, and the naval architect who did not keep in touch with a good many 
sources of information was at a serious disadvantage. This book brought to- 
gether the best collection and arrangement of experimental data that we have. The 
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work of obtaining the residuary resistances for the wide range of speeds and co- 
efficients that is given in Figs. 81-120 is in itself a gigantic task and for which the 
profession all over the world is indebted in no small measure to the author and to 
the United States Government, in whose tank it was so largely obtained. 

It can safely be said that this book marks an epoch in the methods in practical 
use for designing and powering ships. Shipbuilders and owners are now fully alive 
to the value of the tank and are keen to take advantage of all it can teach them, to 
their no small benefit in coal bills and better service. 

Since beginning this paper—in fact, very near the ending of it—Mr. G. S. 
Baker’s new work on ship propulsion has become available in this country. Mr. 
Baker summarized the present status of tank work and our knowledge of this 
whole subject in a very able and clear manner. He uses, in the main, the ‘“‘con- 
stant” system of notation, which is perhaps not as much used on this side of the At- 
lantic as on the other, and his book is a most valuable contribution to the litera- 
ture on the subject, the main results of recent experimentation being carefully 
gathered together and presented in one volume, very much my own purpose in 
writing this paper. As in much other recently published matter, the full-cargo ship 
receives considerable attention in Mr. Baker’s book. 

The chapter on canal towage contains information not generally available in 
such useful form. These two books set forth our knowledge on the subject so 
clearly and well that the question may be asked as to the necessity of quoting at 
length the papers, etc., listed at the close of this paper. To study the steps leading 
up to their production and the work done by these and other investigators will re- 
pay the men responsible for the dimensions and lines of our ships, both naval and 
mercantile. It is largely in the hope that our younger members will be helped in 
their researches by this brief review of present day knowledge that this paper has 
been prepared. The author is well aware that no new discoveries are set forth 
herein, but trusts that, in spite of that fact, the science of ship propulsion will be 
benefited by this addition to our Transactions. 

It will be noted that this paper only covers the literature of our own language 
on this subject. At first sight this appears unfortunate and there are, doubtless, 
many undiscovered gems of knowledge tucked away in foreign works. In the 
main, however, the work of foreign investigators is summarized in the books and 
papers listed, and as the same are there acknowledged, no injustice is done the men 
whose work is thus only indirectly referred to. 

The Society was founded in 1893 and the 1915 volume will be No. 23. In 
searching for papers it frequently happens that much time is lost through lack of 
a comprehensive index, therefore I would strongly urge that the Transactions be 
indexed, such index to be sold to members at cost price. It would be necessary to 
keep the index up to date, but if the work were kept up each year to prevent undue 
accumulation, supplementary indices could be issued every three or four years and 
the whole combined every ten years or so, or as the stock of the main index was ex- 
hausted. 
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It has been with considerable regret that I have avoided extending this paper 
to cover, in a similar manner, the literature of the screw propeller. It would have 
been impossible to adequately cover both of these branches of the subject in the time 
at my disposal, and I would suggest that a corresponding paper on the propeller 
side of the question be prepared for next year, if the council consider it worth 
while. 

A few paragraphs follow in which matters of current interest in ship propul- 
sion are touched on, together with a list of references which contain practically all 
that has been published of late years on this subject. 


EFFECT OF INCREASED BEAM. 


It has long been known, and acted upon, that large beam, generally speaking, 
involved high resistance; we realize nowadays that too high a price can be paid 
for small beam and resistance. Increase of beam, accompanied by increase of sta- 
bility and decrease of fullness, by no means necessarily spells increase of power; 
for the same or less power a healthier type of vessel can generally be obtained, at, 
however, a somewhat increased first cost of hull material in most cases, due to in- 
creased wetted surface and wider decks. 

We have arrived at a point where increased safety is demanded in passenger 
carrying vessels; it is no use putting in bulkheads to enable a ship to keep afloat 
after damage if the other danger—loss due to lack of stability in the damaged con- 
dition—is not also provided for. Loss of buoyancy and loss of stability must both 
be kept in mind when settling on dimensions in a given case. 

The effect of this on speed and power will by no means be proportional to the 
increased beam, as might appear at first sight. 

A far_worse enemy to good driving is full waterlines in the forebody. In two 
recent cases of relatively fine and fast ships that have come directly under my 
notice, the forward waterlines were forced out by considerations of stability to the 
point of a marked decrease in speed when compared with similar ships of the same 
principal dimensions and power. This feature, also, has its limitations, for in full 
and slow cargo boats the exact opposite is true below a certain speed. This con- 
dition is brought out by Professor Sadler in his 1909 T. S. N. A. paper and was 
verified in a recent case by direct experiment for a vessel about to be laid down. 
While this is true for smooth water there remains the question of loss of speed in 
head sea. This question has recently received considerable attention and is re- 
ferred to elsewhere in this paper. 

It is safe to say that passenger ships generally will show a tendency to in- 
creased beam in the future, extra life-saving equipment, the natural desire of pas- 
sengers for deck cabins and extra stability for damaged condition all tending the 
same way. This will not necessarily entail more power, because we know more 
about good forms and because ships are tending to be somewhat finer to give better 
sea performances. The cruiser stern is another way out of this difficulty. 


PRESENT DAY STATUS OF THE ART. 55 


The British Board of Trade’s recent instructions to steamers in the danger 
zone throw an interesting light on this point, applicable almost as much to peace as 
to war damage: 


“In order to prevent the vessel taking a sudden list if holed by a torpedo, the 
stability should be increased to the utmost extent practicable by filling ballast tanks 
or otherwise.” 


Another paragraph follows, relating to longitudinally bulkheaded ships of small 
initial stability; both these paragraphs point towards increased beam. 

The same reasoning points to increased beam in our line of battleships; for a 
31,500-ton ship a beam of 110 feet is already responsibly suggested abroad, and the 
paper by General Goulaeff before the London Institution in 1908 is well worth look- 
ing up, in the light of recent happenings. Who knows but that battleships laid 
down abroad since the war began are not of this largely increased beam? It is 
probable that less weight will be available for machinery, owing to increased pro- 
tective weights; and that this, together with the new proportions, will mean a de- 
crease in speed. The beam to draught ratio is about 3.25 in recent battleship de- 
signs, whereas in the 110-foot ship mentioned above it goes up to 4.40. In this 
connection, the speed curves given by General Goulaeff are of interest. The York- 
town experiments quoted by Admiral Taylor in his Manual indicate an approxi- 
mate increase in power of about 11 per cent for the same speed for battleships of 
this displacement and with proportions varying as above. 


EFFECT OF WIND AND SEA. 


A good smooth-water performance is not necessarily a good sea performance; 
considerable attention has recently been given to this question and some interesting 
facts brought to light. There was the hollow versus straight lines discussion in 
the London Institution, 1905 (Vol. 47); Admiral Taylor referring briefly to the 
question in his new Manual on speed and power (p. 121). Baker in his new book 
also discusses this point. 

Early this year Sir A. Denny referred to the matter before the Institute of 
Marine Engineers, citing instances of improvement in sea performances due to 
decrease in fullness compared with previously accepted practice. His point was 
that low first cost and low operating costs did not always go hand in hand. 

Mr. A. Hamilton in 1911 before the Liverpool Engineering Society gave data 
based on the comparative performances of ships of varying fullness, all tending to 
show that the somewhat finer vessel (particularly forward) more than balanced 
the loss in dead weight per trip by an increased number of trips per year. 

It is difficult to deduce any rule, but the general lines to follow are obvious— 
the speed curves of a design should be run well up beyond the designed speed and 
attention given to the characteristics of the curves at the speeds beyond the smooth- 
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water maximum as well as at that maximum. It may often be that an apparent sac- 
rifice at normal speed is no sacrifice at all, but really a decided gain in coal burned 
per annum in a seagoing ship, particularly a transoceanic or great coastwise trader. 

A paper by E. S. White before the Northeast Coast Institution (1912) is well 
worthy of study in this connection. 


EFFECT OF SHOAL WATER. 


This subject has come to the front recently in practice as well as in theory. 
Torpedo-boat destroyers have furnished the most interesting cases, and the subject 
is worth very serious consideration by those responsible for the performance of 
vessels running in shoal bays, rivers and lakes. The literature on the subject 
gradually accumulates and we are now in possession of a very considerable 
amount. 

Admiral Taylor refers extensively to the subject in his Manual, the historical 
data therein give credit to the earlier investigators, and numerous references will 
be found in the bibliography of this paper. 

It is not too much to say that knowledge of the effects, both bad and good, of 
shoal water is absolutely necessary to the proper running of destroyer trials, and 
no less so for the designing of shoal-water vessels. It will pay those charged with 
running big vessel trials to be very careful where they run them. 

On a recent trial of a 400-foot vessel drawing 19 feet and of 15 knots speed 
the performance at sea in smooth water was materially better than on the measured 
course, due to deeper water as well as to the absence of the necessity for fre- 
quently turning to run over the course, the reduction in horse-power being about 
4 per cent. 

In a destroyer trial at 24 knots it was found that in 15 fathoms the power re- 
quired to maintain standard revolutions was materially higher than on standard- 
ization and that on going off into deep water this at once changed. 

Besides the guidance to be obtained from Taylor’s Manual, his T. S. N. A. 
paper of 1913 on relative resistances of models with constant block and other co- 
efficients varied contains valuable data. Baker’s new book has a chapter devoted to 
shoal and restricted waterways that is extremely useful. Canals are an important 
part of shoal-water navigation, and the value of special consideration was empha- 
sized before the Royal Society of Edinburgh as far back as 1840. Much work has 
been done before and since, especially in connection with the navigation of French, 
British, German and Dutch canals. 

The navigation of the Nile and similar rivers has received special considera- 
tion for centuries. 

Professor Sadler has carried out valuable experiments at the University of 
Michigan, his 1911 T. S. N. A. paper giving information on merchant ship forms 
being worthy of careful study. 

Hudson River boats have received, to their no small benefit, special considera- 
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tion from the point of view of bank erosion as well as power saving, if it is 
possible to separate the two as far as rivers of moderate breadth are concerned. 


CRUISER STERNS. 


Of late years an increasing number of merchant vessels have been built with 
the form of stern considered peculiar to battleships and cruisers. 

There is much to be said in their favor and the effect on speed may well be 
noted here; for a given overall length this stern gives the maximum mean im- 
mersed length and a resulting decrease in power and consequently machinery 
weight, necessary for a given speed, varying with the size of the ship, being 
greater in the smaller ship. The adoption of this stern is attended with increase in 
stability, in deck room and in protection to screws in harbor. A full discussion is 
to be found in the Times Engineering Supplement (London) of April 24, 1914. 

The chief objection is increased first cost, appearance is another in some eyes, 
but small increased first cost will have a hard struggle against a possible 8 per cent 
saving in coal bills. The arguments are very much in favor of the cruiser stern 
for all twin or more screw designs, with a good chance in the single-screw de- 
sign providing the draught is large. 

Shipbuilding and Shipping Record (London) of January 22, 1914, also has an 
interesting article on cruiser sterns. 

Modified cruiser sterns are common in our waters for ships that do a large 
amount of warping into and out of docks, notably in the Chesapeake Bay and sim- 
ilar waters; also on the coast in a few cases, some Old Dominion liners being built 
that way. Doubtless many other instances could be found. 


EFFECT OF TEMPERATURE ON RESISTANCE. 


It has been known for some time in the experimental tanks that temperature 
plays a part in ship resistance. 

Messrs. Denny Brothers of Dumbarton are reported to have been unable to 
account for differences in summer and winter trials of sister ships in any other 
way, and the matter is also under investigation at the Teddington tank in England, 

Differences in resistance as high as 4 per cent per 10 degrees difference in tem- 
perature are reported, the lesser resistance corresponding to the higher temperature. 


APPENDAGE RESISTANCE. 


Lately this has received renewed attention; since Taylor’s experiments in the 
Washington tank, showing the run of the stream lines on ship models, designers 
have studied more carefully the placing of bilge and docking keels. 

Sadler’s experiments on enclosed shaft bossings have also given valuable aid 
in properly placing these appendages. The author recalls a large vessel which had 
her bossing altered to better form with the result that the speed at constant dis- 
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placement went up from 18 to 1814 knots. This increase in a vessel displacing 
over 11,000 tons was due solely to a change in the lines of the bossing. 

In battleships appendage resistances as high as 25 per cent of the total have 
been recorded. The importance of reducing this where practicable is at once evi- 
dent. 

For more detailed information the reader is referred to Taylor’s Manual and 
to Dyson’s work on screw propellers. 

No important vessel should be laid down without stream line diagrams at crit- 
ical speeds. 

The fitting of anti-rolling tanks has a small and indirect effect on resistance. 
The result of omitting bilge keels is a saving of about 3 per cent, which is cut in 
half by the extra displacement due to weight of the tanks and contained water; 
this saving should help to pay for the tanks and controlling gear. Anti-rolling 
tanks, however, undoubtedly require skilled handling and constant watching whilst 
at sea. 

References to bilge keel and other appendage resistances will be found in the 
bibliography. 

Baker has an interesting chapter on appendages in his book just published. 

The importance of an allowance for air resistance should not be overlooked. 


SUMMARY. 


To sum up briefly the above notes, suggestions and recommendations, the fol- 
lowing may be said:— 

1. The system of notation used by Taylor and Sadler in presenting their re- 
sults is ample, clear and direct; it is, therefore, preferable for general use. 

2. The model of practically every naval or passenger design should be tested 
in the tank and enough models of cargo vessels similarly tested to cover a useful 
range of vessels, so that each yard can know whether their “lines” are good and 
make improvements from time to time as experience points out. This is the only 
real way “lines” can be compared and improved, for trial conditions vary all the 
time and service conditions and results are seldom accessible to builders except in a 
very general way. In this connection the relative smooth and rough water per- 
formances should be kept in mind. 

3. For large cargo ships and practically all motor ships, a twin-screw drive is 
the most efficient; the two, three or four-screw drive is so well established in pas- 
senger and war ships as to need no further comment. 

4. Further light is desirable on vibration problems, especially for vessels with 
machinery aft. 

5. Speed and stability are intimately associated and generally pull at cross pur- 
poses; the temptation to small beam, high speed and comfort at sea for passengers 
may be yielded at the price of safety in accident. 

6. We are at present witnessing the passing of the very full cargo ship at sea 
in favor of a somewhat finer type. This is a good step. 
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7. Cruiser sterns for twin or triple screw ships are decidedly to be preferred 
to the old type of counter. 

8. Appendage resistance is generally very small in single-screw merchant ships, 
but cannot be watched too carefully in other and faster types. Enclosed shaft 
bossings are generally preferable to open brackets. 

9. We are not yet ready to advocate the general adoption of anti-rolling tanks. 

10. Progressive trials of important ships should always be made and enough 
cargo ships thus tried in load condition to check up model tank and propeller per- 
formances. This could well be emphasized towards oil tankers, on account of the 
ease with which they can be loaded; other types of ships of similar lines would 
thus also benefit. 

11. Flared bows above water are now well established and undoubtedly im- 
prove performances at sea. 

12. Large apertures, propellers well back from the post, and ability to unship 
propeller without withdrawing the tail shaft, are to be strongly recommended. 

13. Competitive bidding tends to a cheaper first cost at the expense of subse- 
quent performance, which leads to full models and poor time-keepers. 

14. In conclusion I should like to point to the plea for adequate trials, made 
by Sir A. Denny in his presidential address before the Institute of Marine En- 
gineers only last September. 
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DISCUSSION. 


Tue PRESIDENT:—The paper by Mr. Ernest H. Rigg, Member, on “The Determination 
of the Resistance of Ships. Present Day Status of the Art,” is now open for discussion. 


Proressor HEerBert C. SaDLer:—I think we should thank Mr. Rigg for bringing the 
matter of the resistance of ships before us in such concise form. The value of the paper, 
to my mind, lies in the fact that he has pointed out what can be done with experimental 
tanks. Some three years ago I saw a letter apropos to some experiments I had made myself 
from a so-called practical shipbuilder, in which he made the statement that practical men 
looked upon the results of experiments in model tanks as more or less of a joke, so it is 
very refreshing to have such a man as Mr. Rigg pay the homage that he does to the results 
of experiment tank work. It is needless to say that that practical shipbuilder was a ship- 
builder on one of the rivers in the middle west. (Laughter. ) 

The question of appendages, and all those things, their resistances can be determined, 
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at any rate to a relative degree, very easily in experimental tanks, and it is quite common 
to find, for instance, that the addition of bossing to the stern will add anyhere from perhaps 
6 to 10 per cent to the resistance of the net hull, and even in connection with the bossing and 
the angle at which the bossing is placed, we have found differences amounting to as much 
as 3 or 4 per cent, depending on the angle. 

The cruiser stern was mentioned, and I am afraid my experience bears out Mr. Rigg’s— 
there is no doubt that that type of stern gives you a form of less resistance than the ordinary one 
we have been using in the marine service for solong. I have recommended it in quite a num- 
ber of cases, and recently, about a year ago, without altering the lines to any great extent, 
we could actually reduce the resistance of a model between 5 and 6 per cent by adopting the 
cruiser stern. 

Even with our typical lake freighters, which are usually looked upon more or less as 
boxes with the ends slightly shaped, we have been able to make a difference something like 5 
and 6 per cent with a very small modification of form, comparatively small, and a very slight 
reduction in displacement. 

I just mention these few facts in confirmation of what Mr. Rigg has said, and I should 
like to thank him for the kind remarks he has made about the work which has been done in 
this country. 


Sir ARCHIBALD DENNY (Communicated) :—The system of notation used by us in our 
experimental tank is to plot all our resistance results as rate curves for vessels of a standard 
length of 100 feet, the rate being the estimated horse-power multiplied by 100 and divided 
by the wetted surface. 

When we publish any data we publish them as estimated horse-power spots, or curves, 
for the actual vessel under consideration, and anyone can convert this data into his favorite 
system of notation. I think it might be useful to adopt a uniform system of notation through- 
out the technical world for the publication of results, but this would not necessarily involve a 
change of system for any individual experimental tank in the filing of data. It would be im- 
possible to get all the experimental works to agree to the uniform system of notation within 
their own gates, as the accumulated data are very considerable and the trouble of converting 
them to any agreed-upon notation would not be faced. If that be so, then an attempt to intro- 
duce a uniform system of notation for publication throughout the technical world would also 
be difficult because the staff of each experimental works would naturally wish their particular 
system to be adopted so as to save themselves trouble; that is only human nature. 

I concur with the author that the benefit which has been derived from model experiments 
has been very great, not only to those who possessed an experimental tank themselves, but 
also indirectly to the whole shipbuilding business, as the exceptionally efficient vessels pro- 
duced by means of these tests showed what might be done and led to further improvement. 

The Effect of Temperature on Resistance—-The exact amount which should be allowed for 
this is not yet definitely fixed, but at present we use 3% per cent for 10°F. on the gross resist- 
ance; that is, we take 314 per cent upon both the skin friction and wave-making. We are still 
working at this, but we believe that ultimately this figure will not be greatly departed from. 
It would be interesting if some well-known fast passenger vessel could be tried on a proper 
measured mile in the depth of winter, and in the height of summer, care being taken that in 
both cases she is freshly out of dock and painted properly with precisely the same paint. I 
should be glad if my American friends would show the way in this and report progress. 
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I am glad that Mr. Rigg in No. 14 of his summary backs up my efforts to have adequate 
(progressive) trials made the rule; it is sad to think of so many opportunities of acquiring data 
being lost by the absence of such trials. 


THE PRESIDENT :—Are there any further remarks? Does Mr. Rigg desire to say any- 
thing further? 


Mr. Ricc:—Mr. Chairman and gentlemen, I should like to thank Professor Sadler for 
his remarks, and in closing I would like to ask you to be kind enough, if you recall any ref- 
erences to the subject, that you will let me have them, that they may be incorporated in the 
final printing of the Transactions. 

Mr. Gatewood has been kind enough to send some references to the classical Froude 
experiments, which have been added to the bibliography. These British Association papers 
give the pioneer work of the elder Froude, from which our modern experimental tank work 
all dates. 

I wish to thank Sir Archibald Denny for his written discussion; he very clearly states 
the situation as regards uniformity of experimental tank methods. The proposed adoption of 
a standard method for publishing information and results is a valuable suggestion. The diffi- 
culties there to be encountered are considerably less than in the more ambitious and possibly 
less desirable scheme of uniformity throughout. 

Regarding the temperature effect, Sir Archibald’s suggestion that the same vessel be 
tried under identical conditions, first in the extreme of winter and then in the middle of sum- 
mer, on an American course, is a very good one, because we have very materially greater ex- 
tremes of heat and cold than occur in Great Britain. I should like to refer here to Mr. G. S. 
Baker’s 1915 Northeast Coast paper on the effect of temperature on resistance both with and 
without modifications necessary due to the particular speed at which a vessel travels. 


THE PRESIDENT :—The next paper will be No. 7, entitled “Some Comparisons Relat- 
ing to Electric Propulsion of a Battleship,’ by Mr. W. L. R. Emmet, Member of Council. 


Mr. Emmer:—Mr. President and gentlemen, this paper does not contain very much 
text, and it is not necessary to read it. I have sought in this paper to make some comparisons 
between the cost of electric propulsion, exemplified by the battleship California, for which 
we are designing the machinery, and other methods of propulsion. Of course this compari- 
son cannot be an absolutely just one, because I have no very good data concerning the other 
methods with which I am comparing—I have taken the records of tests of battleships which 
are some years old, turbine-driven ships and engine-driven ships, and have made certain com- 
parisons with what the California would do if our guarantees were met. 

I have also presented in this paper three plates (Plates 37-39), which show a 
comparison between a geared turbine-driven ship, as shown in the paper published some time 
ago by Sir Charles Parsons, a direct-connected Parsons turbine equipment as applied to 
the battleship Utah, and the layout for the California, which we submitted to the gov- 
ernment in connection with our proposals. I made certain comparisons concerning the inter- 
changeability, compactness and number of turbines in the three different arrangements, and 
these are just comparisons for these particular cases; but there are many forms of design, 
of course, which might be compared. 
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I have worked very hard to bring about this trial of electrical propulsion, and finally I 
have succeeded in doing so. It has taken about eight years to do it. Whether there will 
be any more electrically propelled vessels, I do not know. I believe the California is still 
regarded as an experiment, but when she is fully equipped and running the installation 
of electrical propulsion may popularize itself and electrical propulsion have the use which 
I think it is entitled to. 

When I began the proposed electric propulsion there was no geared propulsion—that is, 
I had never heard of it, although I dare say there may have been some beginnings made— 
and when good engineers began to propose geared equipment I bethought myself very care- 
fully as to whether the electric method was justified in the light of possibilities demonstrated 
or imagined in connection with gears. I had been fortunate enough to limit my recom- 
mendations to very definite purposes in my advocacy of electric drive; that is, I said in my 
first statements on the subject that it was something suited to very large vessels where large 
powers would be involved, and particularly suited to vessels in which economy at variable 
speed was desirable, such as warships. Wonderful work has been done in connection 
with gear drives, and the speed-reduction problems, which are the primary object of electric 
propulsion, have to a great extent been solved in that direction. The exact limit of geared 
driving is something which I do not know about, but I know that many experiences indicate 
that the limit is high. 

This drawing of Sir Charles Parsons’ design which I show here (Plate 39) is a couple 
of years old. It shows a very complicated arrangement, but it does not show any of the 
piping. This arrangement is designed for separate cruising turbines with a view to getting 
high economy at cruising speeds; it involves a certain degree of complication, and the 
different turbines are more or less tied together and dependent upon each other. One of 
the greatest advantages of electric drive is that you have a lot of units which are indepen- 
dent, two or more generating units and several motors; you are not dependent upon any 
mechanical connection which may be broken or impaired, you do not have to carry steam 
across from one turbine to another, you have a relatively simple unit, and electricity is used 
as a means of transmission. Another great advantage is that you can run at low speed with 
one unit instead of using two and make your electrical connections so that the speed is right 
and the electrical efficiency is always high. 

In the large number of ships now being proposed in the Navy, I believe that a great field 
opens for electric propulsion, and that, if electric machinery is designed to drive some of 
these large ships, better results can be obtained than in any other way. Although the devel- 
opments in connection with geared turbines are very important, they have not changed my 
opinion one iota as to the expediency of electric drive in the types of ship for which I 
originally recommended it. 


SOME COMPARISONS RELATING TO ELECTRIC PROPULSION OF A 
BATTLESHIP. 


By W. L. R. Emmet, Esg., MEMBER OF COUNCIL. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


The Navy Department of the United States has awarded to the General Elec- 
tric Company of Schenectady, N. Y., a contract for electric propelling machinery 
for the new battleship California, which is being built at the New York Navy Yard. 
This ship is of the largest and most powerful class which has been adopted by the 
United States. Her displacement is 32,000 tons and her maximum speed is to be 
about 22 knots, requiring about 37,000 shaft horse-power. The contract with the 
General Electric Company covers two turbine-driven generating units, four propel- 
ling motors (one for each shaft), switching apparatus, cables, instruments, etc., 
two turbine-driven exciting units, and a complete equipment of condensing auxil- 
iaries and ventilating blowers, all driven by motors from the exciting units. In 
fact it covers practically the entire engine-room equipment except the main con- 
densers. 

Each of the auxiliary units is of 300 kilowatts capacity with a 240-volt di- 
rect-current generator geared to a high-speed, non-condensing turbine. These 
turbines will exhaust into the heaters, into the main turbines, or both. 

The motors which drive the auxiliaries will be designed for a considerable 
range of speed variation so that the auxiliaries will be adaptable to economical 
conditions at different speeds of the ship. 

The award of this contract was the result of a very long campaign of education 
which has been conducted by the writer in which the equipment of the collier Jupi- 
ter has been an incident. The writer has from the first maintained that the proper 
field for electric propulsion was in ships of high power and in ships where economy 
at widely varying speeds was important. 

The Jupiter has now been in commission for two years and has proved an un- 
qualified success. The steam consumption of the main drive with 190 pounds pres- 
sure, dry steam, and 28.5 inches vacuum is 11 pounds per horse-power hour deliv- 
ered to the propeller shafts, which is at least 30 per cent better than is done by re- 
ciprocating engines in ships of the class. There is also evidence of further saving 
in the Jupiter, incident to the fact that her large low-speed propellers are turned 
with a perfectly uniform angular motion and with entire freedom from racing, 
conditions heretofore unknown with such propellers. 
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The details of the Jupiter’s installation have been described in previous papers 
presented to this Society. All predictions made by the writer in connection with 
the Jupiter have been exactly fulfilled. The following quotation from a paper by 
Lieut. S. M. Robinson, Chief Engineer of the Jupiter, shows the opinions of the 
men who have had experience with this equipment :— 


“After all, the greatest test of the satisfactory working of any machinery is 
whether or not the men who are actually handling it and caring for it are pleased 
with it. If this test applies to the Jupiter’s machinery, it certainly is an unquali- 
fied success. In particular is this true if the matter is referred to the coal passers 
in the fire-room who have to handle much less coal than do the men on sister ships. 
The ship can make her contract speed of 14 knots without using forced draft at all.”’ 


The generators for the California are bipolar alternators, and the motors are 
arranged to be connected either for 24 poles or 36 poles. For economic cruising 
at 15 knots or less, one generator will be used with motors on 36-pole connection. 
For higher speeds the 24-pole connection will be used. The ship will be capable of 
operating at a speed of about 18.5 knots with one generator. 

Speed variation with either motor connection will be effected by change of 
turbine speeds through the agency of variable speed governors designed to hold au- 
tomatically any desired speed within usual ranges. This arrangement, which is 
also used in the Jupiter, entirely prevents racing and makes it convenient to hold 
a fixed speed irrespective of variations in sea, weather or steam conditions. It is 
thought that this feature will be valuable in fleet formations. 

The steam consumption guaranteed on the California covers the total steam 
required for the main turbines and engine-room auxiliaries as described above. The 
conditions are 250 pounds gage pressure, dry steam, with such vacuum as can be 
produced under trial conditions. The guaranteed water rates per horse-power 
delivered to the propeller shafts are as follows :— 


Lbs. 
IAC ATOSKMOLS NA chet cue cle Laimrotcan nanan es ct eve en eens 14.6 
AES 15 tMOtS [15 sad sind sey etal Ais rons teehee eh eee eats 11.4 
AE LEO Oty yak ssi eek aaicreromsyane nigra onetaytenousaeleaeie ere alone ef igh 
Miasciniunis peed i. a.cer. cc crienet 4 chapeeeunrisin acsepsntie Meare nie 11.9 


Very heavy penalties are imposed in case these guaranteed consumptions are 
exceeded in trials, $25,000 per pound for the two lower speeds and $20,000 per 
pound for the two upper speeds. 

At full speed the California propellers will make 175 revolutions per minute, 
this being about the lowest speed of propellers which is practicable within the space. 
The propeller speeds proposed for the sister ships with Parsons turbine drive is 240 
revolutions per minute, and comparisons by Dyson’s method indicate that this 
speed difference will give the California an advantage of about 9 per cent in pro- 
peller efficiency. 
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The following table gives a comparison of steam consumption per effective 
horse-power between the California as guaranteed, the Florida and Utah which 
are driven by Parsons turbines, and the Delaware which is driven by reciprocating 
engines. These figures are taken from the published records of trials. 


POUNDS OF STEAM TO MAIN ENGINES PER HOUR PER E. H. P. 


Prop. speed 
12 knots 15 knots 19 knots 21 knots 21 knots 
loridaiet seats alesse © « 31.8 Rete 24.0 23.0 328 
RW calaiets stat talhavas ore 28.7 ape 20.3 21.0 323 
Delaware seascseeects 22.0 aeetn 18.7 21.0 122 
Galitormian sat iscus : Wake} 15.2 15.0 16.4 175 


Such a table as this affords the truest basis of comparison of prime movers 
in ships. 

The estimated weight of the propelling machinery without condensing auxil- 
iaries is 530 tons, and that of the turbines originally proposed was 653 tons. 

The contract price for the California propelling machinery with auxiliaries 
given above is $431,000. The estimates made at the New York Navy Yard indi- 
cate that this equipment will cost $200,000 less than the Parsons turbine equipment 
previously considered. 

The accompanying cuts show engine-room arrangements with three types of 
machinery. Plate 37 is the California. This is the arrangement suggested by the 
General Electric Company’s proposal, but a somewhat different arrangement will 
actually be used. Plate 38 is the Utah, and Plate 39 a geared turbine equipment for 
a large warship shown in a paper by Sir Charles Parsons. Attention is called to 
the simplicity of piping, steam and vacuum connections with the electric drive as 
compared with the other methods. The California has two turbines, the Utah has 
ten, and the proposed Parsons geared equipment has thirty-two. 

All of the steam passages between turbines in these arrangements involve loss 
of useful pressure, and many of them involve risk of vacuum loss through air 
leakage, for it must be remembered that ships are often subject to vibration and 
that there may be appreciable relative motion of these different parts through ex- 
pansion strains or working of the ship, or through their own inertia when the ship 
is vibrating or laboring in a seaway. 

The advantages and simplifications incident to electric drive are greatest in 
such large warships as are here shown, but they apply in only slightly lesser de- 
grees to all large high-power vessels. 
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DISCUSSION. 
Tue PRESIDENT :—This paper by Mr, Emmet is now open for discussion. 


Mr. Joun Piatt, Member:—The remarks that have just been made by Mr. Emmet in 
regard to his paper that refer to some of the illustrations that go with his paper, I presume 
cover the case and may take away from something I am going to say; but as he has written 
his paper and published these illustrations in his paper, and as they form part of the paper, I 
take it that it will be in order if I give a few facts with regard to the designs of turbines 
with mechanical reduction gear, particularly those to which he refers in the paper. 

In the fourth paragraph, p. 71, Mr. Emmet tells us that the award of this contract for 
the California was the result of a very long campaign of education and further refers to the 
collier Jupiter, the only marine installation of electric reduction gear under this system that 
at present exists. The author seems to think he has been a very long time in getting recogni- 
tion. It seems to me he really should be very much gratified to have obtained so quickly the 
opportunity of trying out this form of drive in a fifteen-million-dollar battleship. In spite of 
the fact that there are some twelve million horse-power of Parsons marine turbines in differ- 
ent parts of the world, and three million horse-power with mechanical reduction gear, 
the Navy Department did not consider the use of this most successful mechanical reduction 
gear in the proposals submitted by the navy yards for the propelling machinery of the two 
newest battleships. 

In the last paragraph on page 72, the revolutions of the California propellers are given as 
175 per minute. This number of revolutions the author contrasts with the 240 revolutions 
of the direct-driven Parsons turbine ship Idaho, and concludes that there is an advantage 
to the electric reduction gear of about 9 per cent in propeller efficiency. This he derives 
from Dyson’s method. It should, however, be unnecessary to point out that to make the 
comparison useful to engineers and shipbuilders the 175 revolutions of the California should 
be compared with the 200 revolutions used in the Parsons layout with mechanical-reduction 
gear. 

The first paragraph on page 73 compares the expected steam consumption on the Cali- 
fornia with that of the Florida and Utah fitted with Parsons turbines. The author then 
states that the figures given in the table “afford the truest basis of comparison of prime 
movers in ships.’”” This would be true if the ships were of equal size, and if the Florida 
and Utah were fitted with reduction gear. Surely the author does not expect the members 
of this Society to agree with him that a comparison such as he proposes is a proper one. 
The Florida and Utah are older ships, are of 50 per cent less displacement, with the straight 
drive, and with no reduction gear. 

In the fifth paragraph we are referred to the illustrations that accompany this paper. 
We are told that Plate 37 is “the California,” but that the arrangement shown is not the one 
which will be used. If comparisons are to be made, may we not properly ask that the ma- 
chinery that is actually to be used in this ship be illustrated in the Transactions of the 
Society in place of the arrangement shown in the advance copy? 

In Plate 38 he illustrates the turbine and piping arrangement of the Utah, and in Plate 39 
what he calls “a geared turbine equipment for a large warship shown in a paper by Sir 
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Charles Parsons.” As the author then calls attention to the simplicity of piping, steam and 
vacuum connections with the electric drive as compared with other methods, and states that 
the California had two turbines, the Utah ten and the proposed Parsons geared equipment 
thirty-two, he evidently wishes it to be understood that the basis of comparison proposed is 
one worthy of our consideration. 

Plate 39, which we are asked to compare with the layout of the California, is taken from 
a paper entitled “Mechanical Gearing for the Propulsion of Ships,” read on March 13, 1913, 
before the Institution of Naval Architects; the sketch from part of Plate VII accompanying 
this paper, the title being “Geared Turbine Machinery for Battleships with Separate Cruis- 
ing Installation.” The description in the paper refers to it as “a further design for a 
battleship of about 60,000 shaft horse-power with geared turbine machinery on four shafts, 
which also includes an additional set of small turbines and gearing for use when cruising.” 

We have this arrangement put before us for comparison with the California, when on 
Plate VI of the same paper is illustrated the “Typical installation of geared turbine machin- 
ery for a battleship,” which is described as follows:—“Design for a battleship of about 
40,000 horse-power with four shafts at 200 revolutions per minute.” In the arrangement 
illustrated there are two turbines geared to each shaft, the turbines on the two shafts on 
either side of the ship being arranged in the well-known four-cylinder triple formation, each 
group consisting of a high-pressure, intermediate-pressure, and two low-pressure turbines, 
an arrangement which leads to a high efficiency both at full power and at cruising speed. 
With this typical arrangement illustrated in the same paper and described in the way that it 
is, it hardly seems fair to put before us the special arrangement shown by the author in Plate 
39 of his paper as if this were the regular Parsons geared arrangement for a battleship. 


Mr. Joun F. WentwortH, Member:—Last year I made some remarks on the pres- 
ent subject in connection with the paper read by Mr. Robinson. The questions which I 
asked were not answered to my satisfaction. No doubt a good deal of the fault lies in the 
fact that I was not favored by being present at some of the early discussions on this subject 
by Mr. Emmet. Perhaps he can clear this matter up at this time so that I may be able to 
understand the reason for this type of marine plant. 

My understanding of the proposition is that the advantage lies in its greater efficiency 
as compared to the reciprocating type of engine. As I understand it, of the power of the 
turbine about 7 per cent is wasted in producing current in the generator. Then from 5 to 
7 per cent of the output of the generator is wasted in the motor. This waste comes about 
because the turbine is not well suited for direct drive of large-sized marine propellers. 

In reply to my questions of last year, when a comparison was made between oil engines 
and the turbo-generator plant, the oil engine was condemned on account of its present state 
of development. Apparently the mistake was made in supposing that I was advocating 
some of the present Diesel engines. There is but one Diesel theory, and all the present engines 
show signs of the Diesel fallacy which last year I attempted to prove, and which proof can 
be accepted in view of the lack of any attempts to refute my statements. 

The next point to be taken up in the reply was the record of the sister ships Jupiter 
and Cyclops. An efficiency curve for the Jupiter was plotted from the two points given in 
Lieutenant Robinson’s paper. This was of course a straight line. The efficiency curve of 
the Cyclops was drawn in from the comparison of the fuel consumptions at the same speeds 
with the efficiency of the Jupiter. Where the efficiency of the Jupiter at 10 knots was 
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given as 7.3 per cent, the efficiency of the Cyclops would appear to be about 4.8 per cent. 
The only thing to do was to write to the Navy Department and find out the solution of the 
problem. There was absolutely no question in my mind but the solution existed, it only being 
a matter of finding this explanation. If these figures were correct, then some very grave 
fault must exist in the Cyclops. 

I wrote to the Navy Department and the following letter was received :— 


File So. 160340-639-D 
Navy DEPARTMENT, 
BuREAU OF STEAM ENGINEERING, 
WasuHincrToN, D. C., July 22, 1915. 
Str :—The Bureau has no definite knowledge of the source of Lieutenant Robinson’s 

data, but presume they were obtained from the Cyclops. Examination has, however, been 
made of the logs of that vessel, and the following figures obtained for the speeds noted in 
your letter :— 


TONKNOESRE eyo: Fete ei ere acta te amen Pty 71.5 tons. 
MIS KNOtS Hate hotest toi emcee tine eit ieee 78.5 tons. 
PZUKNOUS ie oa arate sac ieee alloys ioncteler ones Mesie Maene ara 86 tons. 
USeKNOLSH: ecto tone Rian eines 94.5 tons. 


The above figures are from a number of voyages. The Bureau has no information as 
to where Lieutenant Robinson’s figures were obtained, but as he was engineer officer of the 
Jupiter, they are presumably from runs made by that vessel. 

Very respectfully, 
(Sgd.) R. S. GriFFin, 
Engineer-in-Chief, U. S. N., 
Chief of Bureau. 


The comparison between the Jupiter and the Cyclops according to Lieutenant Robin- 
son’s paper was :— 


Speed Jupiter Cyclops 
10 knots. 50.5 tons. 78 tons. 
11 knots. 57 tons. 81.5 tons. 
12 knots. 66.5 tons. 87 tons. 
13 knots. 81.5 tons. 93 tons. 


The report of the trial published by Lieutenant Robinson gives the coal consumption of 
the Jupiter as 54.08 tons per day at 10.01 knots speed and not as 50.5 tons. The letter 
from the Navy Department which is published above gives the correct figures for the 
Cyclops. 

Another reason for doubting the supremacy of the turbo-electric type of plant is found 
on page 190 of last year’s Transactions :—‘These propellers (the Jupiter’s) were designed 
by Capt. C. W. Dyson, U. S. N., and show a remarkable efficiency, giving the same speed as 
her sister ship on from 300 to 800 less horse-power.”’ 
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In the torsion meter records for the 24-hour run at 10.01 knots, the figure for horse- 
power was 2,015. If the Cyclops had to develop 300 more horse-power to get the same 
speed, this would bring the coal consumption of the Jupiter up to 63.2 tons in place of the 
50.5 tons stated if the efficiency of the Jupiter’s propellers had been reduced to the same level 
as the Cyclops’ propellers. (This point was brought up last year by Mr. E. A. Stevens, Jr.) 
This is a most important point if true. To accept this statement without reservation would 
favor the reciprocating engine. Furthermore, the speed and power curves of the Jupiter 
and Cyclops show that the Jupiter consumes more power for the same speed than the Cyclops. 
If the statement of Lieutenant Robinson is based upon experiments upon a model of the 
propeller, then the unreliability of the torsion meter will be further demonstrated. The 
question of the torsion meter will be taken up later. 

The turbine of the Jupiter consumed 11.68 pounds of steam per shaft horse-power. The 
auxiliaries consumed about 3.12 pounds additional. Some of this is not properly charge- 
able to the propelling machinery. The Jupiter has 193 pounds at the boilers and 185 in 
the engine-room, with 168 at the turbine. This is the best condition, namely, at full speed. 
The California makes a guarantee of 11.1 pounds of steam for the turbines and engine-room 
auxiliaries with dry steam at 250 pounds gauge pressure. 

In regard to this steam consumption, the following report upon reciprocating engines 
built by the firm of Sulzer Bros., Switzerland, is interesting. It shows that reciprocating 
engines have been built in the past which will compare very favorably with this proposed type 
of plant. The figures are as follows for these tests :— 


rE | 
Normal cylinder dimensions. R.P. M. asa Temp. Vac. I. H. P. rere 
3000 I. H. P., 3234, 4714, 58x59” Stroke..| 85 188 606 28 2860 8.97 
190 397 27 2890 11.28 
3000 I.H. P., 34, 39, 61x 51” Stroke....| 83.5 189 913 27 2908 9.41 
196 381 26% 3040 11.41 


From the foregoing there seems to be a reasonable doubt as to the ability to make any 
important advance through the turbo-electric combination. An advance in efficiency seems to 
be contemplated in the California over the Jupiter. A part of this gain must come from 
improvements in the turbine. Some of this efficiency is due to improvements in the boilers, 
which improvements would aid a reciprocating engine as well as a turbine. The Jupiter had 
190 pounds of steam at the boiler and 168 at the turbine. The California is to have 250 
pounds. This is probably at the boiler. Allowing for a vacuum of 1 pound in both cases 
and for saturated steam in both cases we can get the maximum possible efficiency from 
peer 2 
7 
our steam tables we can get the temperatures :— 


the formula Zi 


T is the absolute temperature or the glass reading plus 460. From 


T’ (at 1 lb. pressure absolute) is 102° F. plus 460 equals 562. 
T (at 190 plus 15 absolute) is 384° F. plus 460 equals 844. 
T (at 250 plus 15 absolute) is 406° F. plus 460 equals 866. 


78 SOME COMPARISONS RELATING TO 


Maximum theoretical efficiency of Jupiter is aa ee, or 33.4 per cent. Maximum 
theoretical efficiency of the California is sb or 35.1 per cent. 
Under this condition, the gain in efficiency due to use of higher pressure steam is ae 


or 5 per cent. In view of past records quoted for reciprocating engines, it is hard to see 
how any considerable advantage can be hoped for with this type of plant. 

Fig. 3, Plate 40, contains the coal consumption curves for the Jupiter and Cyclops as Mr. 
Robinson gave them in answer to me last year. 

Fig. 4, Plate 40, contains the same curves corrected as far as I have been able to get 
reliable data. It will be noticed that the curve from 10 to 11 knots for the Jupiter is prac- 
tically level. This makes me think that Lieutenant Robinson’s figures for the coal consump- 
tion from 11 to 13 knots inclusive are in error. The four figures for the Cyclops and the 
figures at 10 and 15 knots for the Jupiter are as reliable as it is possible to get data. 

In Fig. 2, Plate 40, are shown speed and power curves for the two ships. I wrote for 
official figures from the Department, but have been unable to get the data. These curves have 
been constructed by comparing with the cube of the speeds. The accuracy of this method 
is shown by the fact that the shaft horse-power of the Jupiter figures out 2,125 and is given 
by trial as 2,015. This proves that the shape of these curves cannot be far out, and the upper 
points are fixed by trial trips. The trial of the Cyclops gave 6,705 indicated horse-power 
at 14.67 knots. I understand that it is the practice of the Navy Department to consider a 
new engine to have an efficiency of 90 per cent. This will give the shaft horse-power of the 
Cyclops as 6,034 in place of the 6,705 indicated horse-power. The Cyclops and Jupiter are sis- 
ter ships and are designed to drive at 14 knots with 5,500 shaft horse-power. The shaft 
horse-power of the Jupiter by torsion meter was 5,830 and for the Cyclops was 5,370, both 
from the curves. 

Without going into this matter in great detail I question the torsion meter results. 
Lieutenant Robinson told us that the Jupiter had the better propellers. I feel that we are at 
least entitled to assume that the propellers were equal. If this be so, then the speed and 
power curve of the Cyclops is more accurate for the Jupiter than the results given by the 
torsion meter installed on the Jupiter. I have taken this curve and, by comparing with 
the coal consumption curves, have constructed the efficiency curves shown in Fig. 1, Plate 
40. The efficiency here represented is service efficiency. If Lieutenant Robinson made an 
error in the coal consumption for 11, 12 and 13 knots speed, the Jupiter’s curve could be 
flattened out to assume a shape more like the Cyclops. However, this shows that the Jupiter 
is the better ship at cruising speeds. We can question steam consumption, but we cannot ques- 
tion coal consumption. This is one of the points which I always try to get to. In this way 
all classes of prime movers can be compared. The comparison is final. Then by doing 
this a better idea of possible gains or losses can be arrived at. 

It may be said that it is of little importance whether the torsion meter is correct or not. 
There is another point to be considered. In this case the plant is being sold by torsion meter. 
For this reason it becomes of utmost importance that the torsion meter be accurate. I feel 
that I have more reason to state that the curve for the Cyclops is correct for the Jupiter 
than an opponent can have for insisting upon the accuracy of the torsion meter. 

Correcting for this error in the torsion meter we find that the steam consumption at 10 
knots becomes 12.65 pounds in place of 12.316, and for 15 knots 11.68 pounds becomes 
12.95 or perilously near the guarantee of 13 pounds. 
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In regard to the steam consumption of a prime mover the only fair way to handle this 
matter is to measure all steam used in connection with propulsion. The Jupiter was run for 
three days on trial. For two days her auxiliaries consumed 22,212 pounds of steam per hour. 
For one day, the third day, they consumed 15,246 pounds per hour. This difference is 6,966 
pounds of steam per hour. The horse-power was reduced by 4,480 in terms of shaft horse- 
power (Cyclops data). This presumably was the only difference in the three days’ run. By 
reduction in power 1.55 pounds of steam were saved for each shaft horse-power cut out. 
This should be charged to the propelling plant, even if it be not used in the engine-room. 

The contract for the California calls for a certain steam consumption for turbine and 
all engine-room auxiliaries in terms of the shaft horse-power. From the data given out by 
Mr. Emmet and Mr. Robinson it is very hard to see how the guarantee can be attained. 

This argument is of more importance in showing up a very grave fault in engineering 
practice than it is in connection with the performance of the turbo-generator plant. Last year 
I spoke on this subject to draw attention to the great advantage of the oil engine over the 
steam engine. The fact that a reputable engineer should have disputed my figures of 11 per 
cent for the efficiency of the Jupiter without any more proof or reason than because “I know 
it is more than 11 per cent, or we would not be using it” shows a great need for an analysis 
of our figures concerning the operation of power plants. Personally I never accept the 
results of a test by itself. Errors are more apt to creep into test than into theoretical con- 
siderations of plants. 

Coming back to the turbo-generator plant, it is not denied that there is a loss of around 
8 per cent in the motor-generator set. The turbo-generator plant is a motor-generator set 
with a turbine thrown in. There is every reason to expect that there is a loss of 8 per 
cent in addition to the losses in the turbine. The figures presented by Mr. Robinson, 
and indirectly used by Mr. Emmet to uphold his contention for the superiority of this type 
of plant, show the great danger in using figures given in actual operation to prove a con- 
tention. Such figures should always be checked by a comparison with other data, and when 
the results are favorable to an unreasonable degree the figures should be generally rejected 
till explained by some reason. If wonderful results be obtained for which sound reason can- 
not be given, it is well to consider the data very carefully before accepting it. It was the 
discrepancy between the Cyclops’ figures and the figures of the Jupiter that made me write 
to the Navy Department for an explanation. 

It is my opinion that this series of papers and discussions has clearly demonstrated that 
the torsion meter should not be depended upon as a measure of power. If this be impos- 
sible, the torsion meter should be calibrated with the utmost of care. 

It is an unfortunate condition where the boilers are furnished by one contractor and the 
propelling machinery by another. In a case of this sort there is a great chance for trouble 
in regard to the responsibility for the final economy of the vessel. In the case of the Jupiter 
it is apparent that 1.55 pounds of steam per shaft horse-power were used to get the extra 
results needed by the increase in speed, but this steam is not charged to the propelling plant. 
This most clearly shows the need for basing all results upon fuel consumption, as I stated 
last year. If this be done, the engineering fraternity will be brought face to face with the 
low efficiency of the steam plant, and experimentation will result to rectify this. This 
condition will be objected to by the boiler manufacturers, but as engineers it should be our 
aim to investigate conditions regardless of whom is hit by the investigation. 

Finally, it is no more than just to say that I have been converted to a belief in the 
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turbo-generator plant for naval work if steam is to be used as a prime mover. My change 
comes simply and solely from a consideration of the curves of efficiency shown in Fig. 1 of 
my plate (Plate 40). It is in spite of the erroneous claims which have been made for this 
type of plant. This figure shows, not that the turbo-generator plant is superior at all condi- 
tions shown, but it does show a gain in efficiency at cruising speeds which is the most used 
condition in the Navy. To be consistent with my previous statement that such facts should 
not be taken without a reason, some explanation for this condition should be found. I have 
satisfied myself that a perfectly good reason exists why the turbo-generator plant should be 
only equal or slightly inferior to the reciprocating plant at full load and superior to it at 
cruising speeds. 

My entrance into this discussion last year was to combat some of the extravagant 
claims made for this type of prime mover. Had these claims been correct there would 
exist but little incentive for me with others to work in developing the oil engine for this 
service. However, this argument proves conclusively that the efficiency of this plant is at 
its best not over 11 per cent. I have shown how theory is better than practice when prac- 
tice is carelessly used. Last year no objections could be raised to my statements that it 
was possible to build an oil engine of from 25 to 36 per cent efficiency. 

Under these conditions I feel that while the supremacy of the turbo-generator plant, for 
naval work alone, is fairly well demonstrated as far as the conservation of fuel is concerned, 
the oil engine by reason of its much greater efficiency and small amount of space occupied 
is unquestionably the superior of all the known forms of prime mover for maritime uses. 


Mr. Joun Rew, Member:—I would like to say a word on this subject from the 
standpoint of the naval architect. You get certain views about electrical propulsion from 
marine engineers, for and against, but the naval architect must look at this thing from an 
entirely separate standpoint. I will show you by a diagram what I mean. 
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I think you are aware that there is a good deal of surprise in the minds of naval archi- 
tects as to just why certain vessels which have recently been lost through mining and sub- 
marine activities actually went down, referring to both warships and merchant vessels. 
One large warship which was recently lost was hit in the port engine-room. I will make a 
small diagram of what I mean. Here is the engine-room of that ship, we will say (indicat- 
ing on the diagram on blackboard), and there are two engine-rooms for the four sets of 
turbine engines. The ship was hit here (indicating) by a very small bomb or mine, and this 
bulkhead (indicating) was not damaged at all, but the water got through from one engine- 
room to the other, and as she gradually listed over she had to be abandoned and went down. 
Those of us who have been familiar with merchant practice are not very much surprised 
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when a warship, which is hit under the water, goes down, because we know that naval 
constructors attach so much importance to guns and armor that when you look at a war- 
ship critically you are astonished at its lightness under water. It may be staunch enough 
ordinarily, but when hit by a torpedo or mine the result is almost certain to be fatal. 
In the cases of the Lusitania and the Empress of Ireland, in which the same thing hap- 
pened, the ships with large wing spaces lost stability and went down. 

Where electric propulsion comes into the thing is this—the marine engineer will want to 
concentrate his marine engines, whether electric or any other, in the smallest and fewest 
spaces possible. He wants to bring them together for various reasons which I do not need 
to discuss, but if you are going to improve the safety of large vessels, war or merchant, 
against mines, torpedoes, collisions at sea, etc., you find it the very simplest plan with elec- 
tric propulsion to stretch out your power along the ship’s length as far as possible. Suppose 
that is the ship, looking down into the engine-room (referring to diagram on blackboard) and 
this is the normal engine space (indicating) and boiler space here and bunkers on either side. 
Now, if that ship is hit anywhere near the engine-room, or if the ship is struck near the 
boilers, the whole power of the ship is lost and you are done for, and you cannot do anything 
to save the vessel. 

My idea is that the great advantage of the electric propulsion is that you can take your 
power generators and spread them out over the ship. For instance, you might have a series 
of generators—four, six or eight, whichever you like—in a central longitudinal engine-room, 
with one or two in each space, boilers on either side of them, and in the space outside you 
can have the longitudinal bulkheads, water ballast tanks, fuel, bunkers, etc. That enables 
you to drive your machinery into small compartments, to get your machinery divided so that 
it cannot be put out of business by one torpedo or mine, and then you can have your four 
propelling motors, or whatever it is, located in another closed space, and the power com- 
municated to them by the usual methods. 

That is a point of view which the marine engineer does not take hold of—he does not 
want it—he does not like it; the machinery is too much scattered about. You have to do 
these things if you want the advantages, from the designer’s standpoint, which come from 
them. 

I will give you a case where I can also see the advantage of electrical propulsion. What 
I mean to say is, a case not merely of coal consumption or mechanical efficiency, or this, that, 
or the other thing; it is a case of being required, you need electrical propulsion, you do not 
want to put it into ships where you can get the same results with geared turbines, but there 
are cases where the electrical propulsion is essential, no matter what the other elements are. 
Here is a dredge, a very large one, which I am working at just now, and there is a tremen- 
dous hopper here, carrying 10,000 tons, nearly 300 feet long. For certain reasons of trim 
you have to put the boilers forward, and you have your pumping engines aft, and also in a 
central space at B (indicating on diagram on blackboard). You cannot design that dredge 
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in that way unless you use electrical propulsion—it is a matter of 6,000 horse-power. Not 
only do you have to put these pumps in comparatively small spaces and distribute the weights 
evenly throughout the ship, but you have many other auxiliaries also requiring power, for 
instance, you might want to put pumps at C (indicating) for certain reasons. The moment 
you find it possible to use electricity in that connection you know you have a solution. With- 
out electricity you could not adequately solve it. The dredge would not be nearly so efficient. 
That is entirely independent of questions of economy and efficiency. Electric propulsion is 
not going to make any vessel any less efficient in economy or in any other way. 

To those of you who are still skeptical I can only say this—while this country has 
started the thing other countries are following it up very rapidly, and our Swedish friends 
are after it and have done some wonderful work; and instead of being skeptical I suggest 
that those who have peculiar problems to solve in warships and in merchant ships should get 
into the procession, because they will be late if they do not get in line now. 


Mr. E. A. Stevens, Jr., Member:—I presume that some of you who have been here 
for the last two years will expect me to uphold the reciprocating engine, having done so be- 
fore. I will say that, for certain cases, my opinion of the reciprocating engine is exactly what it 
was. In the last few years, however, great strides have been made in the geared turbine, and 
I think this system has a much larger field than it had heretofore. 

Before discussing the paper by Mr. Emmet, I would like to make a few remarks on 
what Mr. Reid has been talking about. First of all, he speaks of a turbine battleship having 
been sunk in this war. I know of no turbine battleship having been sunk, but have read of 
one being damaged. I have also heard that this ship is today on the firing line as well equipped 
and in as good condition as any ship in that navy. 

Mr. Reid showed a sketch here suggesting splitting up the coal bunkers, fore and aft. 
I think that is not only unnecessary, but is inadvisable. Some of you probably have had the 
experience of trying to cart coal from one bunker through another to the fire-room, passing 
through small watertight doors, and know the difficulties attending this; and I think will. 
appreciate that, when trying to get speed out of a ship, the closer we have the coal bunkers 
to the boilers the better. The protection that coal gives in proportion to the armor on the 
side of a battleship is so small that it can be neglected, and this protection only exists when 
the bunkers are full. Besides, these ships have an inner skin as a rule, and between this 
inner side and the engine-room there is a longitudinal bulkhead. 

Mr. Reid spoke about cases where electrical propulsion was absolutely necessary. I 
shall not go into that question, although I do not agree with him, because I intend to restrict 
my remarks to purely seagoing ships. 

In regard to Mr. Emmet’s paper, I will first make a few remarks about the Jupiter. I 
happened to be looking over the Transactions of the Society of Naval Engineers in regard to 
the coal consumption of the different colliers, and I found, much to my surprise, that the coal 
per horse-power per hour of some of the reciprocating engine ships was practically the same 
as that of the Jupiter. This Mr. Emmet might attribute to the efficiency of the boilers. 
However, the boilers on the Jupiter were very efficient—if I remember rightly the actual 
evaporation was something like 9.5 pounds of water per pound of coal—and when this result 
can be obtained with Scotch boilers, under the conditions the Jupiter was running, there is 
no reason to find fault. 

I would like to ask Mr. Emmet, if he desired to make a fair comparison between the 
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geared turbine and his electric propulsion, why he did not show the last slide shown on the 
screen (Plate 42), instead of the most complicated one shown by Sir Charles Parsons, 
as the two were published in the same paper. I understand, however, that Sir Charles Parsons 
did not advocate seriously the arrangement of geared turbines shown in Mr. Emmet’s 
papers. It was only a suggestion. 

The question in regard to having only two turbines, or a number of turbines, is one 
worthy of consideration. It is not always by reducing the number of parts that we get the 
best results. The officers of the Navy, I think, will bear out the statement that when they 
come to their periodical overhauling and lifting the cases of the turbines—which is required 
by the regulations—that they would rather lift four or eight small casings than two large ones. 
It is true that the piping on the electrically driven battleship will probably be simpler than that 
of a battleship fitted with the geared turbines. Mr. Emmet does not, however, mention that 
in place of the extra piping he has electric wiring. I have heard remarks about the Jupiter’s 
outfit being simple—you get aboard this ship and see very little. However, all the wiring is 
encased in conduits and is out of sight; if this were exposed to view a different impression 
might be had. 

The question of economy is one which has been considered very seriously in the Navy 
lately, and rightly so. In comparing his proposed ship to others in regard to this point, 
Mr. Emmet makes no reference to one of the Navy’s latest ships, namely, the destroyer 
Wadsworth. The economy shown by her geared turbines is remarkable, and although we 
cannot compare the Wadsworth with a battleship on the basis of water consumption, per 
effective horse-power, or pounds of fuel per knot, we can, however, compare the water con- 
sumption per shaft horse-power, and in this case the electric outfit would be inferior. Pro- 
vided that the geared turbines were fitted with propellers as efficient as the electrical pro- 
pelled ship (and I can see no reason why this could not be done), the water or fuel con- 
sumption per knot would be far superior, in favor of the geared turbine. 


Mr. Ernest H. B. ANDERsSoN, Member:—Mr. Emmet’s paper is most interesting, but 
he is dreadfully hard on the designers of ordinary reciprocating engines, all of whom are 
highly experienced men in the profession. The author informs us that an installation of elec- 
tric motors for ship propulsion is best suited for large high-speed vessels, but I do not think 
this method of propelling vessels will ever become popular, and any large installations will 
really be of an experimental nature. The danger from damp and the constant presence of 
salt, such as exists on board ship in all the engine-rooms, will be a continual source of anxi- 
ety to the engineers. 

If the U. S. S. Jupiter does give a water rate of 11 pounds per shaft horse-power per 
hour for the turbines only at full power and shows a good propulsive coefficient at this speed, 
then it is a splendid performance, but it is very unfortunate that the steam consumption for 
“turbines only” was not measured during the official trials of this vessel. 

My experience of steam consumption) measurements in terms of shaft horse-power 
obtained from torsion meters shows that the data are rather unreliable, and if a true relation 
between the quantity of steam supplied to a turbine and the propeller output in terms of 
speed is desired, then the calculations should be on a basis of steam consumption in pounds 
per knot run. 

I have plotted the coal consumption data of the Jupiter recorded on the official trials 
with that of six other similar colliers which have twin-screw reciprocating engines, and the 
results show in favor of the reciprocating engine ships (see Figs. 1 and 2, Plate 41). 
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I do not agree with the author or Lieutenant Robinson that the greatest test of the satis- 
factory working of any machinery is whether or not the men who are actually handling it and 
caring for it are pleased with it. 

Such a test is of vital importance, but the greatest test is the one which interests the 
shipowner; that is, how does this type of machinery compare with other methods as regards 
coal consumption, cost of operation, and upkeep? 

Fig. 2, Plate 41, shows that the Jupiter burns a large amount of coal, and I think oper- 
ating costs must be and will always continue to be very heavy, as specially trained electrical 
engineers are required to operate the machinery. 

The data published by the author giving the contract conditions of the California are 
specially interesting to marine engineers, and I think the General Electric Company has 
remarkably easy conditions to fulfil. The only point I am not clear about is what is meant 
by maximum speed. If no definite speed is given in the contract, then the conditions of the 
high-speed test are simplified. The penalties to be imposed if the guaranteed steam consump- 
tions are exceeded on the various trials would not cause me any uneasiness, as shaft horse- 
power is very much a variable quantity. 

The weight figures given amuse me. Nothing can be gained in discussing this point, as 
both sets of figures are estimates, and probably the comparisons may not be just. 

Mr. Emmet points out that 21 knots speed of 175 revolutions for the propeller 
wheels is about the lowest which is practicable for the space available. I hardly think 
these propellers will give the California an advantage of 9 per cent over the other ships at 
240 revolutions, for the strut brackets which support the propellers will have to be exceed- 
ingly long, and I am strongly of the opinion that this will cause considerable vibration. Back- 
ing at full speed and full revolutions will hardly be possible, as the chances of causing damage 
to the ship’s structure at the stern of the vessel will be great. 

I have prepared a lantern slide (Plate 42) of a four-shaft all-geared turbine machinery 
arrangement for a U. S. battleship having similar dimensions to the California, and it was 
very disheartening that the Navy Department did not see their way to consider such a pro- 
posal at the time that the California estimates were in course of preparation. The New York 
Shipbuilding Company, Camden, N. J., submitted a bid to the Navy Department last year 
for a four-shaft all-geared turbine installation in a battleship, and this bid was lower in cost 
than alternative proposals with other direct-driven turbines. 

There are four independent sets of turbines together capable of developing 32,000 shaft 
horse-power at 200 revolutions of the propeller wheels, giving a speed of 21 knots to the 
vessel, and under maximum conditions a speed of 22 knots will be possible. 

The leading advantages of such an installation are as follows :— 

First, good economy at full power and cruising powers. 

Second, the calculated weights of the turbines and gearing amount to 380 tons, making 
a large saving when compared with electric or direct-driven type. 

Third, independent control of each shaft, and it is practically impossible to put such a 
machinery installation hors de combat. 

Fourth, nothing about an installation of this type can be regarded as experimental. Its 
success is a foregone conclusion. The total power of each shaft corresponds to the power 
developed by each shaft of the twin-screw geared turbine destroyer Wadsworth completed by 
the Bath Iron Works, Bath, Maine, this last summer, and this vessel is showing remarkably 
fine economy in commission. (Reference:—Journal of the American Society of Naval 
Engineers, August, 1915.) 
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Fifth, to obtain specially high economy at the lower speeds, largely for use when the 
ship is off on a long cruise, I have indicated to the dotted lines an additional pair of geared 
cruising turbines which will further improve the economy of the machinery at 10 to 12 
knots. 

Sixth, this type of turbine can be manufactured very cheaply, and there are no heavy and 
unwieldy parts to be moved about in the shop during its construction, and, in addition, 
the design is found to be very rugged. 


Tue Present :—lIs there any further discussion on this paper? If not, we will call 
on Mr. Emmet to close. 


Mr. Emmet:—I made some memoranda concerning the different points raised. With 
reference to the comparison of 175 and 200 revolutions per minute referred to by Mr. Platt, 
I did not know what the economy of this Parsons turbine equipment was and did not attempt 
to make any comparison with it. I simply put the drawing in there to show a certain arrange- 
ment which at one time was recommended by Sir Charles Parsons. The difference be- 
tween that drawing and the others shown, which they say I should have put in my 
paper, is this—that one of them, the one which I did show, shows separate cruis- 
ing turbines. The cruising turbines have been thought desirable in connection with such 
things, as evidenced by the fact that they have been embodied in the Pennsylvania and 
Nevada, somewhat different from this arrangement, but the purpose of the cruising turbine is 
to give better efficiency at low speed. That is one of the functions of electric drive. I do 
not know how these equipments of Mr. Parsons would compare in economy, but I do 
know that the one without cruising turbines must be relatively uneconomical at low speeds. 
I have selected this for comparison because we also use the equivalent of separate cruising 
turbines when operating at cruising speeds. 

As to the comparison with the Florida and Utah, which I make as a comparison with 
the test results, the only information I have concerning these ships is in the reports of their 
trials with such propeller speeds as they use, but these propeller speeds are incident to the 
design of their machinery, and it is perfectly proper to compare with them as they are. If 
I get an advantage in the matter of propeller speeds it is an advantage of type, and the 
comparison is with actual ships. I am not undertaking to compare with geared ships; I am 
comparing with the existing battleships, with the Delaware, which is a reciprocating engine 
ship, and with the Florida and Utah. 

The illustration which I show is my own conception of how much machinery might be 
put into the California. The government has seen fit to put it in there differently. That is 
not my fault. I think my own plan is practicable and brings the machinery more near the 
center line and more out of the way of torpedoes, and, if the space is available, it would 
seem to be desirable. Furthermore, I am not entitled to advertise the government’s plans 
with regard to the California—in point of fact, I have been strongly criticised for publish- 
ing what I have. I have felt authorized to talk about it to this extent because these figures 
and all these matters were made public at the time we were bidding on the plans against 
the Westinghouse Electric & Manufacturing Company. They were given copies of our pro- 
posals, everybody saw it, and I understood it was public. The Department has taken some 
exception to my paper, I understand, but I have not heard of it directly. It is an illustration 
of the possibilities, I show all of the necessary parts there, and I think they could all be 
put into that space. The title of Plate 39 is “Proposed Arrangement for a Large Battle- 
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ship with Parsons Drive, Taken from Sir Charles Parsons’ Paper of March 13, 1913.” That 
is all I can do. The fact that the battleship is large is no reason why it should be more desir- 
able to make it suitable for good economy at cruising speed than if it were smaller. We 
might assume that it was also desirable to put these various arrangements in the California 
in order to give her economy at the cruising speed. I used that simply as an illustration. I 
think the comparison as to the details of the number of parts is amply justified. 

Another speaker has mentioned the question of the percentage of loss in electrical appa- 
ratus. He makes it sum up to 14 per cent, but in point of fact the actual electrical losses 
by test of the apparatus on the Jupiter are only 8 per cent. I have seen a motor generator 
set, where it was taking power as a motor and driving a generator, give an efficiency of 94 
per cent, that is only 6 per cent loss in the motor and generator, including the bearings and 
the windage, so that 14 per cent for an electrical transmission on a large scale is a little 
strong. 

The comparisons of the Jupiter and Cyclops have been brought up. The questions 
which this gentleman has asked I also asked the Department to explain to me when I was 
getting material for the paper, but I did not get any more satisfactory reply than he did. A 
comparison of that sort, based on some reports of coal consumption, is not a comparison 
at all. It may be affected by many conditions. In point of fact, the comparison between 
the Jupiter and Cyclops as shown in the paper of Lieutenant Robinson has an opposite 
characteristic from that which you would expect. It shows the ships coming nearer to- 
gether as they go to heavier loads, and a large advantage of the Jupiter at light loads as 
against the Cyclops at light loads. The probability is, if you had a true comparison, you 
would find that the curves, instead of converging, would separate as the load went up. How 
they stand in relation to each other is something we cannot prove. 

I will later touch on the subject of the relation of turbines to reciprocating engines, but 
will pass that for the moment. 

As to the question of the propellers on the Jupiter and Cyclops, the record of indi- 
cated horse-power to shaft horse-power measured shows an advantage from the Jupiter’s 
propellers. When the Jupiter’s propellers were designed I sent a drawing of the propellers, 
which I received from Washington, to Philadelphia to Mr. Metten, and asked him how they 
compared with the Cyclops propellers and how he thought the efficiency would compare. 
He said he thought the propeller was a very good one and it was almost equivalent in design 
to that of the Cyclops, but, since it ran at a speed something higher than that of the Cyclops 
—something like 12 per cent—he thought the efficiency would be 1 or 2 per cent worse than 
the efficiency of the Cyclops propeller. I think probably the Jupiter does show a better 
propeller efficiency, and that it is largely due to the fact that when the Jupiter’s trials were run 
she was in quite a seaway and her propellers were held at an absolutely constant speed going 
into the water and out of it again without shock, and with a perfectly uniform rotative 
effort I should consider that condition favorable to the propeller. 

I think it will be shown in geared ships that the same advantage will be accomplished. 
When they come to run big, slow-speed propellers, with steady rotation, they will be sur- 
prised at the results obtained. I have studied the torque diagrams of engines somewhat in 
connection with the running of alternators in parallel and in connection with various elec- 
trical problems, and there are quite big variations. These variations in speed, if applied to 
the grip of the propeller blade on the water, must affect it. There must be a great advantage 
in a propeller which does not race, which rises to the surface of the water without change 
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of speed. There seems, therefore, to be a possibility that some of the propeller advantage 
may be in the drive after all. 

Something has been said about the size of casing. I will say that I think the casing 
which covers the movable part of the California’s turbine is smaller than any casing talked 
about here this afternoon, so we are not very much at a disadvantage in that respect. If 
you will look at the plates, you will see that the turbine of the California, as shown there, 
consists of a high-pressure end and an exhaust end. The part which lifts does not include 
the exhaust end, which connects to the condenser. The hood which connects to the condenser 
on this part is empty, and when the other part of the turbine casing, as shown, is lifted, 
the whole thing is in your hands. 

There need be no speculation as to the economy of the Jupiter, for the reason that her 
turbine was tested in Schenectady delivering power to a water box—it was inspected by the 
government engineers while it was being tested. Its water rate, under the conditions spec- 
ified, was accurately determined with a various degree of superheat and pressure, at vari- 
ous speeds, and at loads which exactly correspond to those at which it operates when run- 
ning the ship. In the tests on the ship the water was measured by carefully calibrated tanks, 
and while in running the auxiliaries were not measured, the same condition was created 
in the operation of auxiliaries with main unit not running, and the measurement of the 
water used by the auxiliaries was taken. These water rates stated in the report of the trials 
of the Jupiter are corrected for the separately measured water consumption of the 
auxiliaries. 

Then there were certain corrections due to the fact that there was moisture coming over 
from the boilers with the steam. There was also a difference of vacuum and a considerable 
discrepancy in steam pressure from the conditions specified. When duly corrected for these 
differences, these curves of the test of the Jupiter’s turbine, made in her final trials, agree 
exactly with those made in Schenectady. 

Furthermore, the result is nothing phenomenal or unusual, because I can show you 
twenty turbine tests which agree with it exactly and which, with normal electrical apparatus, 
will give just such results as are shown on the Jupiter. 

As for the tests on the California, there are several turbines operating right in this 
city which, if put into the California, would give better results than those which I have 
shown. They might not be exactly suited to the case, but if you made room for them and 
ran them you would get the water rate. 

The question has been brought up as to the relative economy of turbines and recipro- 
cating engines on shipboard. That is a very hard thing to get at. You can get at lots of 
comparisons of the character which have been made here, as to the records of the water 
consumption of some ship, or how much coal she burned, but when it gets down to measuring 
the water rate and measuring the power delivered to the propeller, the marine engineers 
have not done it. I have searched diligently to find this comparison, but the only just com- 
parison I have secured has been obtained from Sir Charles Parsons. He has been in 
exactly the same situation as I have; he wanted to convince the world he had something that 
was of advantage. In connection with his geared ships, he has made certain comparisons— 
I dare say he has more now, maybe, than these I have, but they are very good and inter- 
esting. In the first place, in his original ship, the Vespasian, he had her engines in good order, 
ran a voyage, investigated exactly what the auxiliary used, and found out what the main 
engine used by means of water measurements and the indicator. He then put his geared 
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turbines in the Vespasian and by test with torsion meter showed much improvement. He put 
her under similar conditions of trim and showed a definite comparison. 

Then Sir Charles Parsons made another determination. That is, he took a ship called 
the Cairngowan, an engine-driven ship, and tested her in comparison with the Cairnross, a 
turbine-driven ship, similar propeller speed, a sister ship and identical in all respects. The 
comparison as published would lead us to believe that these tests are comparable. These 
ships are something like 1,700 or 1,800 horse-power. The Cairngowan used for all purposes 
17.3 pounds per shaft horse-power. Under similar conditions the Cairnross used 14 pounds. 
The steam consumption of the Jupiter, under exactly the same conditions as the Cairngowan, 
would be 11.97 pounds; that is, against 17.3 on this engine-driven ship. This is the only 
comparison that I know which is a just one, made properly. 

It is extremely hard to test water rates of apparatus. You must have all the facilities 
and everything absolutely right and be able to get consistent results, over and over again, 
to be sure that you are right. Of course, in Schenectady we have done more of that in our 
work than has been done anywhere else in the world; we have been developing the art of 
prime movers so very rapidly that we have needed immense facilities for testing. The Jupi- 
ter’s turbine was put right on a condenser, the degrees of vacuum produced, the output of 
electrical energy was exactly measured, and everything determined in the most scientific man- 
ner, so that there can be no question at all about the results. 

The question of the maximum speed of the California is another matter concerning 
which I am not informed. We were required under the specifications to make guarantees 
of speed and very heavy penalties under certain test conditions, and one of these test con- 
ditions was the highest speed which the ship could produce. In another part of our specifi- 
cations we were required to furnish 25 per cent more power than the ship was supposed to 
require at a certain speed, 21 knots. That, as I understood it, required us to furnish 36,400 
horse-power to the propellers of the California and to produce this guaranteed water rate at 
that maximum output. As I understand it, the government is at liberty to run that ship 
as fast as it can and penalize us if our water rate goes above that point. We have had to 
make our curve turn up a good deal at the maximum to take care of that very extreme 
condition. 

Now, as to the question of the California’s propeller efficiencies which has been raised, 
I can give no information. I simply have stated what Captain Dyson has told me, that our 
speeds are advantageous and there is a certain gain. As to the actual comparison made 
here, I cannot exactly blame him for it—it is the result of certain information obtained 
largely through him, and it is approximately in accordance with a certain curve which he sent 
me, giving the possibilities of different speeds of propellers and different numbers of pro- 
pellers in this ship and certain other ships. It may be right or wrong, but there is certainly 
a considerable advantage in these lower speeds. 


Tue PresIpENT :—I am sure we are all much indebted to Mr. Emmet for his interesting 
paper. I will mention that Paper No. 6, which is on the program for today, will be post- 
poned until tomorrow morning. Paper No. 12, on the program for tomorrow afternoon, 
will be read in the morning. 
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THIRD SESSION. 
Fripay Morninc, NoveMBeEr 19, 1915. 
Vice-President Washington L. Capps called the meeting to order at 10.30 o’clock. 


Tue CHAIRMAN :—Our President was with us a few moments ago, but having been 
called away for a short season, has asked me temporarily to take his place. We will begin 
the program this morning by the presentation of Paper No. 8, entitled “Interior Decoration 
of Vessels,” by Mr. Harry B. Etter, Associate. The paper will be presented by Prof. W. 
Selkirk Owen, Member. 


Pror. W. SELKIRK Owen, Member:—In the absence of Mr. Etter, I have been called 
upon to submit a synopsis of this paper. 


INTERIOR DECORATION OF VESSELS. 
By Harry B. Etter, Esg., ASSOCIATE. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


As civilization grows older, we become more refined in our modes of living— 
it is necessary to have our surroundings pleasant to the eye and thereby restful to 
the mind. This education has been going steadily on until to-day we take great 
pride in having things in our own homes correct as to line and color as well as for 
comfort and utility. The time has passed, let us hope for ever, when any old thing 
for wall covering or any article of furniture was placed in our homes without any 
regard as to combination of color or period of decoration, just because it answered 
the purpose of use. 

So much for our permanent home. How about our temporary home? If we 
wish to stop at a hotel, it must be a fine one or it is passed by for one that is fine. 
We travel on land by Pullman car where we usually have beautiful scenery to gaze 
at from the window to amuse us. But the ship is a somewhat different proposi- 
tion. We tire in time of looking at the sea after the shores have faded in the dis- 
tance, so we must turn to her. The comfort and beauty of her interior must take 
the place of mountain, river and distant hills. 

I have heard it said, “Oh, who ever looks at it? Not one in a hundred;” when 
it is more than likely the other way about—one in a hundred .who do not notice it. 
Utility is not the only thing to be considered, for a barn-like appearance soon palls 
on even the most crude. 

The traveling public of to-day demand and are willing to pay for pleasant sur- 
roundings and comfort whether by land or sea. True they get it on most of the 
trans-ocean liners, but with the American coast-wise steamers, with some notable 
exceptions, they are not so fortunate. I do not wish to criticize these steamers too 
harshly, but they are for the most part ugly from a decorative standpoint. The 
writer has been on board of some of them where the interior was an eyesore, when 
a really fine effect could have been made for a very little if any additional cost. The 
joiner work has to be made to suit the vessel, and it could just as well have been 
made to follow some good design instead of a riot of meaningless panels, mould- 
ings and pilasters. The joiner work of most of these vessels is very often of the 
same design from end to end, bottom to top, and bad proportion at that. It must 
be trying to one of refined taste to have the same thing staring at him every place 
he goes for a week or so. 

It seems to be a mistake when a new passenger vessel is to be built if some 
scheme of decoration is not worked out. Of course this has been done for some of 
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them with notable success and things seem to be improving in this respect. There 
are so many periods of decorative styles so suitable to be selected from for a vessel’s 
interior, most of them not expensive to reproduce, that it seems anything else should 
be discarded. 

In working out a successful design for an interior a great many things should 
be considered, and care should be exercised not to have the decoration of adjoining 
public rooms so one will shock the other. All should blend together like one com- 
plete thing and yet not be alike. Other things to be considered are: First always, 
meaning; followed by balance of line, light and shade, repetition, variety of sur- 
face, choice of material, contrast and harmony of color and suitability for the trade 
the vessel is to engage in. 

Exquisite form and proportion must be gained by extreme simplicity of beauty 
of line in the division of a wall surface into a series of panels, borders and mould- 
ings, separated by pilasters, columns and other architectural forms. 

Simple designs well proportioned are an attraction in themselves, and an ex- 
cess of elaboration should be carefully avoided. Mixture of styles does not always 
secure the best results. Ornaments, if used, should not attract the eye to the ex- 
clusion of the background as if it were an entirely separate part, but should be sub- 
servient to the general effect. 

Furniture, upholstering, draperies, etc., should be carefully selected to har- 
monize with the style of the room. Too often is this neglected and a truly beauti- 
ful room spoiled by unsuitable furnishings. The designer of the decoration, if he 
knows his profession, can be and should be consulted in regard to all details, as he 
can picture in his mind what such things should be as he progresses with his work. 

The interior decoration of a vessel is very often unsuited for the climate she 
is to trade in. The writer was once called upon to look over a steamer engaged in 
tropical service to see what could be done to improve her. I found the smoking 
room “a Black Hole”’—everything dark, gloomy and hot looking. The other pub- 
lic rooms were not much better—mahogany everywhere. Why is it so many ship- 
owners insist on mahogany or oak-panelled walls when we can get so much better 
results from delicate tints? In the first place hardwood walls kill the furniture; 
they absorb the artificial light also, for no matter how brilliantly a vessel may be 
lighted there are always deep shadows and dark corners. Light colors are cheer- 
ful; they reflect the artificial light and make a good setting for rich furniture be- 
sides. Of course there are cases where light tints would not answer. A smoking 
room, as we all know, would not do to be decorated like a ball room, yet we need 
not have it dark and gloomy like the vessel just referred to. 

While we do not want dark, hot-looking rooms for tropical climates, but some- 
thing cool and airy, just the reverse may be said for vessels engaged in the colder re- 
gions. Here we want to feel warm and comfortable. A theater which I occasion- 
ally visit is decorated in light green and French white in stiff Grecian style. For 
appearance nothing could be more inappropriate. It gives one a chill on a cold 
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night, but might be pleasant on a warm one; however, the house is not open during 
the summer months. 

If a period of decoration is to be adopted we should stick to it not only in line 
but in colors and material, both woods and woven goods, and not fly off in the mid- 
dle of it to suit some individual taste. The writer once saw a set of specifications 
where a certain room was to be panelled in oak in Adams style, as if such a thing 
were possible. We can use oak for a great many things, but never in Adams period, 
to be correct. 

Some of the periods of decoration which are most pleasing and well adapted 
for ship interiors are Louis Quatorze, Regency, Louis Quinze, Louis Seize, French 
Empire, Elizabethian, The Georgian periods, Adams, American Colonial and some 
others not so well known by those who are not connoisseurs of art. Some of the 
Italian styles are beautiful and are especially suited for first class yacht work, as 
they are fine as to detail, mostly always carved and consequently more costly. 

Of the different periods of decoration a few remarks may be interesting. The 
classic styles of the Greeks and Romans would, if strictly carried out, be too massive 
and stiff for ship decoration. With the Renaissance, architecture had a new birth. 
When the world did not come to an end after one thousand years of the Christian 
era, as had been predicted, men began to take heart and live again and by the 
middle of the fifteenth century the Renaissance was well on its way. This condi- 
tion soon spread throughout Europe, and nearly everything in architecture we see 
of the present age is based on the Renaissance period. : 

Of the French periods, Louis Quatorze, somewhat severe of line, shows a soft- 
ening with the Regency, followed by the gay and elaborate period of Louis Quinze 
“The Well-loved,” where the flowing rococo suggests music, laughter and frivolity. 
With Louis Seize comes a period of perhaps the most interesting and beautiful of 
all the French styles. While the beautiful and frivolous young Queen Marie An- 
toinette had great influence, yet this period has more meaning and better balance 
of design than the preceding periods. The French Empire, the style of Napoleon, 
with its Egyptian and Roman ornaments, has not the magnificent grandeur of the 
preceding periods, yet it is rich and dignified. 

The styles in England after the Tudor or Elizabethian period closely followed 
the French as to general line. The three Georgian and Adams periods are very 
dear to the American heart, for here we see the inspiration of our own so-called 
American Colonial—the style of our forefathers, stately, yet with that quiet repose 
the more fanciful French styles lack. 

As smoking rooms are mostly always finished in oak, some of the sixteenth 
century English or Flemish styles always look well and make an agreeable change 
from the lighter and gayer styles employed for a music room or lounge. For out- 
side rooms such as a veranda or enclosed promenade deck, palm room and the like, 
a garden effect with trelliage panels can hardly be improved upon. Stateroom 
corridors and alcove passages as plain as possible are better than a lot of small 
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panels and fancy mouldings. The best example of stateroom corridor I have ever 
seen was on the Cunard line steamer Aquitania. Here panels were eliminated en- 
tirely. The walls were built of tongued and grooved planks finished smooth and 
covered with a light canvas stretched on and painted, with pilasters at doors and 
corners only. They looked very neat and were doubtless much cheaper to build 
and keep in good order than panelled walls. Stateroom division bulkheads, if also 
built this way, would make all four walls alike in the room. Panels never work in 
well around berths and other numerous stateroom fittings. There are some of the 
suites on the Aquitania where these walls are papered like the rooms of a house 
and they look very nice, with a mezzo-tint print or other good picture hung here 
and there. When soiled this can easily be renewed, besides making the room home- 
like and a good setting for the furniture. 

The dead white enameled walls of the average stateroom are too glaring. The 
walls back of the corridor and alcove bulkheads usually show the back of the panels 
of the opposite side, and with the division walls of the usual tongued and grooved 
stuff make all four walls different and are very unsightly. The flush walls men- 
tioned above would prevent this. 

These remarks are merely suggestions. It is not necessary to have English or 
Flemish Renaissance because it is a smoking room or trelliage because it is an out- 
side room, etc. There are many varieties to select from, or a good decorator can 
work up a design that may be original and interesting, yet at the same time mean 
something. 

We do not need to have carving or ornaments to make a thing attractive. To 
begin with, carving is a dirt collector, and unless one can afford to have it well exe- 
cuted it had better not be attempted. The H. P. Whitney yacht—at the time of 
writing this paper building at Cramp’s—it would be well to mention, is entirely de- 
void of carving or ornament, everything depending on the simple lines of the panel 
work which, together with the beauty of the woods used, the hardware, lighting fix- 
tures and furnishings of every kind to correspond, is going to be very much of a 
success for a vessel of her type. I have often wondered why in yacht work, when 
smallness of space usually requires joiner work to be as flat as possible, marquetry 
is not used more. Here we usually have hardwood walls, mahogany or walnut, 
and a beautiful effect can be had with large, flat panels with a narrow border of 
satinwood, maple or some other silky grained wood inlaid an inch or so from the 
edge, set off with the straight lines of Sheraton or Hipplewhite furniture which is 
usually inlaid. The ceilings of such a room could be a light tint harmonizing with 
the inlay, contrasting the dark wood and lightening it up. 

As the discussion of the many different styles of decoration is so very exten- 
sive that it could not be taken up within the limits of this paper, I have only at- 
tempted here a few remarks to try to increase interest in that direction. It has 
always been the writer’s opinion that the ship look of a passenger vessel should 
stop upon the entrance to her interior, and be intended to appeal to people used to 
living on shore. 
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Proportion is another great consideration. As the deck heights are usually too 
low for the size of the room, the walls should be designed to deceive this and give 
the impression of height. This can be greatly improved by keeping the chair rail, 
if there be one, as low down as possible, thereby making the upper panels the long- 
est and preventing the squatty look. Columns and pilasters should be well propor- 
tioned and with caps and bases suitable for the shafts. It costs no more to turn a 
column shaft to the proper diameter in proportion to the height and to have the 
proper taper and fluting, than one poorly proportioned. There are a number of 
books that treat of this subject, of which Vignola is considered the best. 

Cornices and mouldings should have a defined profile. You often see a jumble 
of curves and fillets with no particular meaning and cornices too deep or with too 
much projection or else too little for the lower portion of the wall. Neither should 
they be too intricate, for, as it often happens, the forecastle hands may have to paint 
her some time and they are more inclined to finish quickly and leave no “holidays” 
than to make a careful job, so pile the paint on thick which soon clogs the mould- 
ings and spoil their beauty. The bed mouldings of cornices can be enriched if more 
elaboration is desired. Egg moulding, dentil courses and the like are rich, pleas- 
ing, and good taste, and, as they are inverted, do not collect dust. These, how- 
ever, should be well above the eye line to have a good effect. 

Panels should be large and, when made of several ply wood or one of the 
many kinds of composition, will not warp or crack. Small panels or those run- 
ning in a brick fashion have a gingerbread look and require more labor to put 
together, which adds to the cost and lacks appearance. 

If a hung type of ceiling be employed, that is, one framed under the deck 
beams, it should be carefully treated. Here we usually have a large unbroken 
area and a fine effect can be had with some elaboration by enriched mouldings and 
ornament, which, if well executed, adds so much to the beauty of the room and is 
always interesting from any point of view. Hardwood panelled ceilings are hap- 
pily becoming a thing of the past and those of an ornamental plaster effect, cor- 
responding of course with the style of architecture of the room, a vast improve- 
ment. The more common way of casing in the beams and forming panels between 
them, which for some styles would answer very well, are usually too heavy. 
The steel deck beams are generally too large and spaced too close together for 
proper architectural proportion, and, besides, it happens at times that where a steel 
beam has to be reversed for structural purposes, they cause an unequal width 
of the panels. 

DIFFICULTIES. 


There are many difficulties to be dealt with in interior ship decoration, 
caused by the shape of the vessel, the structure, the crown of the decks, the 
sheer, the low deck heights and the smallness of the air-ports and deck-house 
windows. 

The shape of the vessel necessarily has to stand, as well as the structure for 
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the most part. But here many of the difficulties caused by the structure could be 
avoided if those in charge of the structure and decoration would work together 
and a little flexibility exercised together with a little judicious scheming. Stanch- 
ions, girder lines and web frames can almost always be placed to suit architectural 
requirements without sacrificing the strength of the vessel. 

One of the greatest difficulties to a good architectural effect is the crown of 
the deck. This does not add to the strength of a steel vessel, and, except for the 
weather deck or a deck affected by freeboard regulations, could be made flat. In 
fact, the weather deck of the American line steamers St. Louis and St. Paul was 
made flat, but is the only case I ever remember seeing. This crowning of the decks 
prevents horizontal lines so important to architecture and spoils many good archi- 
tectural details if they happen to come off the center line. 

The sheer of the deck can hardly be avoided in most vessels, and, not being 
so severe as the crown, does not do so much harm to the design. 

The low deck heights, being all out of proportion to the size of the average 
room, are hard to treat and require resourcefulness unless the public rooms are 
under the boat deck. The writer had the good fortune, when about to design the 
interior of the steamers Great Northern and Northern Pacific, recently built by 
Wm. Cramp & Sons, to have also worked out the preliminary arrangement of 
these vessels, and was enabled to form in mind at the same time the scheme of in- 
terior decoration which made it much easier to carry to a conclusion than if sev- 
eral persons were engaged at different times for the different parts. 

In these vessels the public rooms except the dining saloon were all on the 
promenade deck, and, by following the type set forth by most foreign-built liners 
of carrying the deck-houses above the level of the boat deck, we had a good pro- 
portionate height in comparison to the size of the room. The dining saloon, which 
was on a lower deck within the hull, was made 1o feet high by making this the 
deck height throughout the length of the vessel. This height answered very 
well, considering that this room was a very large one. 

As these vessels were treated throughout, except the smoking room, in the 
Colonial style I was enabled to have fanlights over doors and windows, arches and 
other details so characteristic to this period of design. The lofty appearance of 
these rooms was greatly improved by placing the chair rails as low as 30 inches 
above the floor, making the upper panels of good length. 

That ship decorators appreciate more height to a room on shipboard is shown 
as far back as the steamers City of New York and City of Paris, now the New 
York and Philadelphia of the American Line. The dome over the dining saloon of 
these steamers was the beginning of a new era and has been followed out with 
many improvements ever since. On some of the large liners built abroad in recent 
years we find some of the public rooms carried up two deck heights. Of course this 
takes up valuable space that could be used for staterooms, and, unless the vessel 
is a very large one, could hardly be afforded by most owners. 

Most of the Long Island Sound and Hudson River steamers have had the 
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large central well as far back as one can remember. The walls were always 
treated alike on the several decks in view, which spoiled the effect. In the 
steamer Commonwealth great improvement was made in treating the two heights 
in the Venetian Gothic saloon more like one height. 

If the deck heights will permit it, a good practice is to hang the ceiling under 
the beams before mentioned, with large panels and false beams to suit the design of 
the room. With the hung ceiling it is possible to carry ventilation ducts, pipes, 
electric wiring, etc., above it and out of sight, to which access can be had where 
desired by having some of the panels made so that they can be taken down without 
disturbing the remainder of the work. With a ceiling of this type it can be better 
treated to suit the period of design chosen for the room and will also serve better 
to reflect electric lighting by avoiding the deep shadows between the beams. 

Airports and deckhouse windows by the smallness of the openings usually 
form a problem hard to treat. The inside sash sometimes employed helps matters 
a great deal. This method was used in the dining saloon of the Great Northern 
and Northern Pacific, the sashes behind the airports being glazed in a glass known 
as satin finish which broke the outlines of the airport and gave the effect of large 
colonial windows. Of course it has to be admitted that when the sashes have to 
be opened the good effect is somewhat lost and the draperies have then to make up 
for it. The promenade deck of these vessels was enclosed for the length of the 
main public rooms and large house type windows were used for those rooms. But 
we are not often so fortunate as on the steamers mentioned and have to use other 
schemes. Ports and windows, if worked in pairs, can be treated as a large double 
window and look better than if spaced singly and equally distanced all around the 
walls as so often seen. On the Whitney yacht before mentioned, very large plate 
glass windows are introduced in the deck-houses. These large windows are ar- 
ranged to suit the interior of the rooms and are a very great improvement over 
the pigeon-hole type more often used. This yacht, it may be well to remark, is one 
of the cases where the decorator and the constructor have had to work together 
from the beginning. 

With the height of large steamers above the water it is possible to employ 
large metal-framed windows especially designed to suit the interior. This is being 
done on most of the transatlantic lines with great success when the location is not 
too much exposed to the elements. 

Too much care cannot be taken in working out the staircases. The stairs in 
most vessels are too steep and winding. Winding stairs only look attractive on a 
plan. Thwartship flights should be avoided as much as possible, as in descending 
such flights one has to meet the rolling motion of the vessel. 

The proportion of the width of tread to the height of the riser should be care- 
fully worked out. A good rule is to have the sum in inches of one tread and two 
risers to equal as near as possible to 24 inches, the width of the tread taken always 
without the nosing. A good proportion would be 7 inches for the risers and 10 
inches for the tread. While a less angle of incline would perhaps make a grander 
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appearance, in no case should the tread be more than 12 inches wide or the risers 
less than 6 inches high. 

As the staircase in most vessels is generally a principal feature, care should be 
taken to have it of a good design with balusters or grille railing corresponding to 
the design of the surrounding joiner work. 

Built-in seats for public rooms are abominable. They are generally uncom- 
fortable to sit upon by not having the proper arm rests and should be done away 
with where comfort is desired, and chairs of the lounging type substituted. 
Then, too, in case of damage it is cheaper to renew a chair than a long cushion 
seat. Chairs and settees corresponding to the style of the room also add to the fine 
effect. 

Painting for period design always looks much better flat finish or at the most 
a slight egg-shell gloss. Very glossy surfaces throw off glints of high light that is 
very trying to the eyes. Too many colors should be avoided. The different 
shades of a color show the better taste. 

As artificial lighting has more than ever become a strong decorative feature 
since the advent of electric lighting, a few remarks made here would not be out of 
place. Soft lighting effects are the cry of the present age and the light bulbs if 
covered with globes of the many artistic designs manufactured (keeping in mind, 
of course, the style of the room), will produce this effect. As a vessel’s saloons 
are rarely high enough to successfully have indirect lighting, the wall bracket can 
be used to a great advantage. The wall brackets, properly designed, have a rich 
effect and work in well with most architectural designs and are not hidden behind 
beams and girders, producing shadows like ceiling lights would, that is, when the 
ceiling is not hung or made flush. 

When ornamental glass panels are fitted at the ceiling level of skylights or in 
dome skylights, the lighting of the room is always greatly improved if lights are 
fitted behind them. Otherwise the skylight makes a black patch at night and puts 
the whole middle of the room in shadow. The writer believes that the light should 
come from the same direction by night as by day. 

In presenting this paper to the Society, the writer does not wish it to be 
understood that he has especially taken the American coastwise steamers to task to 
unduly criticize them. Many of the steamers have cost a good sum to build and 
cater to a representative class of travelers. I only wish to show what could be ac- 
complished by a little forethought and a comprehensive working out of the plan 
at the start. It is usually too late to work out a good decorative scheme after the 
vessel is half built, but it should be taken in hand at the very beginning and the 
decorative design of the different rooms worked out along with the structure of 
the vessel. This will often prevent a door here or a window or column some- 
where else that will spoil the balance of the design when it could just as well have 
been placed to suit the architectural effect had it been taken up in time. 

It is to be regretted that in this country so few really fine passenger vessels 
are built, when a correct artistic interior is demanded, that a firm of decorators 


INTERIOR DECORATION OF VESSELS. 99 


specializing in ship work like they have in Europe could hardly exist. These firms 
not only design but build and furnish the interiors complete. House architects or 
decorators are sometimes called upon in this country when some special ship work 
is to be done. While they make a fair showing considering that the work on ship- 
board is new to them, yet the conditions are so entirely different from those they 
meet with in buildings on shore that they must first learn something about ship 
construction in order to keep out of trouble. 

With the upbuilding of the American merchant marine, if that good day is 
about to arrive, let up hope that the conditions will so improve that we can turn out 
a vessel second to none from an artistic as well as from a mechanical viewpoint. 

The comfort and beauty of the interior of a passenger vessel are, after all, the 
main attraction to the traveler, the same as such things are in a hotel to the guests 
or in a clubhouse to the members where nothing is spared to make them a success. 
Why, then, cannot the same care be taken with the ship? I thoroughly believe it 
would be appreciated. 


EXPLANATION OF PLATES. 


Plate 43.—S. S. Great Northern. Dining Saloon Showing Hung Ceiling 
and Air Ports Hidden behind Sashes. 

Plate 44.—S. S. Great Northern. Lounge. We Can Appreciate Here the 
Good Deck Height Made by Carrying the Top of the House above the Boat Deck. 
The Large House-type Windows Can Also Be Seen. 

Plate 45.—S. S. Great Northern. Smoking Room. The Dome Is Illumi- 
nated at Night, Throwing a Soft Light into the Room. 

Plate 46.—Steamer Commonwealth. Venetian Gothic Saloon. This View 
Shows the Treatment like one Height of the Saloon and the Gallery Decks. 

Plate 47.—S. S. Great Northern. Stairs at Writing Room Level Showing 
the Flights Running in a Fore-and-aft Direction. 

Plate 48.—S. S. Great Northern. Head of Stairs at the Promenade Deck 
Entrance. The French Type Doors to the Balcony at the Head of the Stairs 
Open into the Observation Room, Making an Agreeable Change from the Usual 
Mirror. 

Plate 49.—S. S. Great Northern. Observation Room. The Good Deck 
Height Is Shown as Well as the Large Windows and Bay Breaking the Monotony 
of a Rectangular Room. 


DISCUSSION. 


Tue CHAIRMAN :—Gentlemen, you have heard the abstract of Mr. Etter’s paper as 
presented by Professor Owen. Much of the matter brought together in this paper has 
undoubtedly come to the minds of those who have had to deal with the design and inte- 
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rior decoration of vessels. The Chair would be very much pleased to hear from any of 
the members present their views upon this subject. It would seem that if there are many 
owners here who have had to bear the criticism of vessels owned by them, and have expe- 
rienced certain feelings of regret at having to pay bills for decorations which did not suit 
their purposes, we will doubtless have discussion. This is an interesting paper, and brings 
up incidentally questions which are vital to the seaworthiness of the vessel, and which have 
a good deal to do with the comfort of the men on the vessel. Incidentally, the things that 
cost the most are not always either the most efficient or the most pleasing. It is quite within 
the memory of many of us here that not very many years ago we used a great deal of joiner 
work in vessels of the Navy in order to hide, as much as practicable, many structural 
features of the vessel. We have long since abandoned that practice, with great benefit to 
the vessel itself and without offending the zsthetic sense of those who had to live on board, 
I am quite sure. 

Does any member desire to discuss this paper? (Pause.) In the absence of discussion, 
we will pass to the next paper, No. 6, entitled, “Results of Model Tank Experiments to 
Determine the Action of a Ship Brake,” by Capt. Wm. Strother Smith, U. S. N., Mem- 
‘ber, which paper, due to the unavoidable absence of the author yesterday, was deferred 
until today. The paper embodies the results of some model tank experiments. 


Captain Smith presented the paper. 


RESULTS OF MODEL TANK EXPERIMENTS TO DETERMINE THE 
ACTION OF A SHIP BRAKE. 


By CapTain WM. StrRoTHER SmiTH, U. S. N., MEMBER. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


This paper is presented with the idea of showing the interesting data obtained 
in the model tank at the Navy Yard, Washington, for use in determining whether 
or not it was feasible to design and install a brake on the side of a merchant vessel 
to assist in stopping a steamer when in danger of collision or grounding. 

The question of installing such a brake is a financial one and is dependent upon 
the lessened insurance demanded and the advertisement of such an appliance to in- 
crease the passenger list. 

This question is not one for the naval architect or marine engineer to solve 
and is not brought up for discussion on that point. 

In the spring of 1910, a set of trials was made on the U. S. S. Indiana off 
Delaware Breakwater to determine the effect of the Lacoste ship brake. Due to a 
lack of preliminary investigation, this trial showed very little either for or against 
the brake and it was some time after that the writer was requested by personal 
friends to take up the study with a view to designing a practical brake. 

After the loss of the Titanic interest was awakened to such an extent that a 
syndicate was formed and the permission of the Navy Department was obtained to 
make a series of trials in the model tank, and the results of these trials are now 
presented to you through the courtesy of the Lacoste Shipbrake Syndicate. 

The Wm. Cramp & Sons Ship and Engine Building Company was kind enough 
to furnish the lines of the S. S. St. Louis, and a model of this vessel was con- 
structed. 

Three runs (Nos. 1, 2 and 3) were made to determine the curve of speed and 
power before fitting any brakes, and the successive ten runs were made with dif- 
ferent areas and settings of the brake to determine the resistances and pressures 
per square foot. 

The S. S. St. Louis is 536 feet in length, 62 feet 9 inches beam, and the 
draught at load line was 28 feet for model experiments, the displacement being 
about 17,230 tons. 

Plate 51 shows the curves of speed and effective horse-power as determined 
under the following conditions :— 

Runs 1, 2 and 3 show the speed and power curve without brakes. The suc- 
ceeding runs were with brakes as stated. 

Runs 4 and 5—brakes, 12 feet 214 inches by 14 feet at 80°. 
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Runs 6 and 7—brakes, 12 feet by 14 feet at go’. 

Run 8—brakes, 12 feet by 14 feet at frame 76, and another pair 8 feet by 18 
feet at frame 95, set at go’. 

Run 9—brakes, 10 feet by 14 feet at go’. 

Run 10—brakes, 8 feet by 14 feet at go’. 

Run 11—brakes, 8 feet by 14 feet at 70°. 

Run 12—brakes, 12 feet by 13 feet with the top edge placed one foot below 
the water line. All other runs were made with the top edge at the water line. 

Run 13—brake, 8 feet by 21 feet at 80°. 

Plate 52 shows the pressures per square foot on the brakes as indicated on the 
plate by the runs numbered. 

The following deductions are made:— 

The stopping power varies directly as the projected area opposed at 90° to the 
fore-and-aft line. 

One pair of brakes is more efficient than two, as shown by run No. 8, where 
the combined area is 624 square feet for the two brakes, the stopping power or re- 
sistance opposed is not in the same proportion as the pair of 12 feet by 14 feet, 
giving 168 square feet. 

The pressure per square foot practically decreases as the width of the brake is 
reduced and, by plotting curves of pressures at various speeds for different widths 
of brake, it is found that after a certain width is passed the pressure per square foot 
is not increased. 

After these curves were determined, the model was fitted with a pair of brakes 
11 feet 834 inches (projected area) by 14 feet deep, fitted so as to be tripped and 
thrown out from the traveling carriage of the model tank. A set of guides was 
fitted so as to keep the model in position under the carriage, yet allow it to advance 
freely when the carriage was stopped. 

The foot-way along the tank was marked off in equal distances from a cer- 
tain point far enough from the starting point to allow the carriage to reach the 
proper speeds. The model was then brought up to speed, the carriage stopped at 
the determined point, the model released with the brakes thrown out, and the times 
marked by stop-watches at each marked distance until the model was brought to 
rest or the limit of the tank reached. 

For each speed the model was released with the brakes closed, so a comparison 
was obtained and shown on Plate 53 of speed reduction per foot traveled and on 
Plate 54 the speed reduction per second traveled. 

As a matter of interesting data, the following table showing the instantaneous 
stopping effect of a pair of brakes of different sizes has been compiled from the 
curves shown on Plate 51:— 
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Size of 
brake. 


Stopping effect at various speeds in effective horse-power speeds. 


Wide. 


Deep. 15 | 16 | 17 | 18 19 | 20 | 21 22 23 


12’ 
1v 
9/ 
6/ 


14 | 13,000} 15,500] 18,250] 21,750 23,250 | 28,500] 32,200| 35,250| 38,500 
14 | 10,600] 12,750] 15,000] 17,500} 20,000 22,500| 25,600) 28,300 | 30,400 
14” | 7,850] 9,500] 11,250} 13,500] 15,500] 17,500] 19,800] 21,900 | 24,000 


147 | 5,300] 6,400] 7,590] 9,100) 10,460] 11,810] 18,360 | 14,780] 16,200 
13’ | 11,800] 14,100} 16,600} 19,800] 21,100 | 25,900) 29.300} 32,000/ 35,000 
13’ | 9,600] 11,600{ 13,600 | 15,900 | 18,000 | 20,400 | 23,300 | 25,750 | 27,660 
13’ | 7,100} 8,600} 10,200] 12,250] 14,100] 15,900] 18,000] 19,900 | 21,800 
137 | 4,650] 5,650| 7,650] 8,250|/ 9,500] 10,700] 12,100] 13,400 | 14,700 
12” | 8,600} 10,400| 12,300} 14,300) 16,000| 18,300] 20,900] 23,175 | 24,880 
12” | 6,300} 7,700} 9,100} 11,000) 12,600} 14,300] 16,000] 17,900 | 19,600 
12” | 3,900] 5,050) 6,850] 7,400| 8,500] 9,600] 10,800] 12,000] 13, 200 
10° | 7,000] 8,600] 10,100} 11,900} 13,300] 15,200] 17,000! 19,300| 20,700 
1” | 5,200) 6,400] 7,500| 9,000} 10,400] 11,800] 13,100] 14,500 | 16,200 
10’| 3,100) 4,100] 5,600|/ 6,100} 7,000] 8,000! 10,100| 12,000] 13,200 
8’ | 4,100} 5,100] 5,800} 7,000} 8,300] 9,400] 10,400) 11,500] 12,000 
s’ | 2,400| 3,200] 4,300] 4,700] 6,500] 7,400] 8,200] 9,000) 9,500 
6 4, 600 6,000 | 6,600 | 7,000 


Using a pair of brakes 11.73 feet wide and 14 feet deep set normal to the di- 
rection of the vessel, the speed being 18 knots, the speed will be reduced to 15.2 
knots in 500 feet, to 11.6 knots in 1,000 feet, to 7.15 knots in 2,000 feet without the 
assistance of the propellers in backing. 

Assuming the weight of the vessel at 17,230 tons, the striking blow at 

18 knots equals 247,300 foot-second tons. 

15.2 knots equals 176,300 foot-second tons. 

11.6 knots equals 102,700 foot-second tons. 
7.15 knots equals 39,000 foot-second tons. 

Using the element of time, the speed will be reduced in 

50 seconds to 11.1 knots. 

100 seconds to 7.35 knots. 

150 seconds to 5.85 knots. 

200 seconds to 4.70 knots. 


The experiments conducted on the U. S. S. Indiana showed very little. The 
vessel was entirely unsuitable, owing to the fact that there is not a straight line in 
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any part of her hull and the brake had to be fitted on by means of a molded frame. 
There were no accurate means of determining the total instantaneous indicated 
horse-power nor the exact speed. 

When the subject was revised, the model tank was considered by far the most 
accurate method of determining the data to be used in designating a brake. To 
satisfy the ideas of many concerned, various forms of the brake were considered, 
principally with the idea of controlling the brake by power so as to open and close 
at will, the vessel going at full speed. 

Scheme 1.—Long hydraulic cylinders installed athwartship on a stiffened bulk- 
head to work connecting rods attached to the brakes. This involved an additional 
weight of about 190 tons, including 33 tons of contained water. 

Scheme 2.—In order to reduce weights, especially that of contained water, a 
toggle joint arrangement was studied to reduce the power required and to reduce 
the peak load when the brakes were to be started in. This involved a stress of 
340,000 pounds on each of three principal connecting rods and 320,000 pounds on 
each of three lesser members. 

Scheme 3.—Rack and pinion arrangement, allowing very little contained water. 
The diameter of the vertical shaft working the pinions and the width of the gear 
needed rendered this scheme out of consideration. 

Scheme 4.—Same as Scheme 3, but with the idea of pushing the brake out to 35° 
to assist the rudder. This required too much machinery to develop the power neces- 
sary, about 500 estimated horse-power for a pair of brakes 9 by 13 feet. 

Many other schemes were studied out, but the weights and power required 
made any and all of them impracticable. 

The final conclusion reached—that the simplest form of brake designed to be 
set in the side of a vessel, to be released instantly by the officer on the bridge by 
throwing a lever and open by the pressure of the water without further thought; 
to be supplied with only enough power and mechanism to haul in the brake when 
the vessel was stopped or going astern and lock it fast for future use—was the only 
practical solution of the question. 

With these points in view, a type design was made for the Canadian Pacific 
S. S. Empress of Asia, practical, strong and simple, for emergency use only. The 
officer on the bridge has but to pull a lever and the brake will open and exert its re- 
sistance. When the danger is past, it requires but the attention of one man on each 
side to haul in and secure the brake. 

With this done, the technicist closes his work and the financier and promoter 
begins to write his story. 
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DISCUSSION. 
THE CHAIRMAN :—This interesting paper by Captain Smith is now open for discussion. 


Mr. Cray L. Jennison, Junior:—As I am a Junior Member and have only recently 
been elected, I do not know that I shall be allowed the floor. In some recent tests in the 
model basin in Washington, which I conducted for Mr. Hyde, of Tacoma, Washington, I 
found the results—although they were rather elementary compared with what Captain Smith 
has offered—compared very favorably with his results. In tests on the midship section we 
fitted a series of brakes in place of one or two. We found that the results obtained were very 
unfavorable, but on results from brakes fitted well forward, so that they obtained a good 
flow of water, we received an increase of resistance of about 300 per cent. That seems 
almost abnormal, but the curves show it at 13 knots. 

Recently Mr. Hyde has had tested some brakes made up of sections of the bilge keel; 
the sections were about 6 feet long by about 2 feet in section. These showed a resistance 
increase of about 155 per cent. From these results and the ones we obtained previously, Mr. 
Hyde has decided to go ahead with some work on his own plans, and I think in the near 
future a vessel on the west coast will be fitted with brakes, either the bow brake or bilge 
keel brake. Perhaps at an early date Mr. Hyde will be able to submit to the members of the 
Society some data on the bilge keel brake. 

Further, I would like to ask Captain Smith a question. In his paper he says that 
some brakes were made for the Empress of Asia. I would ask if these have been placed on 
the vessel, or if they are going to be placed on the vessel ? 


CAPTAIN SMITH :—I will answer the question by saying that no brakes have been built 
or installed, to my knowledge, on any vessel. They have simply been designed. 


THE CHAIRMAN:—Is there any further discussion on this paper? Doubtless Mr. 
Hyde will be willing to bring to our notice the results of such further work as may be done 
in this connection. I trust it will be ready for our next meeting. I am sure you will allow 
the Chair to extend on your behalf a vote of thanks to Captain Smith for giving us this most 
interesting paper, and also to authorize the Chair to extend a vote of thanks to Mr. Etter 
for the paper read by Professor Owen—both valuable contributions to the literature of their 
respective subjects. 

The next paper to be presented is No. 12, “The Maintenance of the Fleet,” by Capt. 
A. P. Niblack, U. S. N., Vice-President. 


Captain Nisptack:—Under the Navy regulations I was required to submit this 
paper to the Department to be censored, and one of the conditions under which it is permitted 
to be read here is that it shall be read verbatim as written, and not interspersed with any 
remarks. The Society wished me to make an abstract of the paper, to be read here, and 
thus save you the infliction of the whole paper. I have made the abstracts as requested, but 
under the conditions just set forth it is necessary that I shall read the whole thing. There- 
fore, I will read it without alteration of any kind. 


THE MAINTENANCE OF THE FLEBRT. 
By Captain A. P. Nistack, U. S. N., Vice-PRESIDENT. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


The first line of the national defense is diplomacy, which, for safety and to 
avoid misunderstandings, should be in the hands of skilled if not specially trained 
men. Due to our geographical position, our second line is the navy, which must 
ever be prepared to act on the offensive, as its chief value lies in mobility and in- 
itiative. The third line is the sea coast and other fixed defensive, with a mobile 
land force to protect the land approaches. From its immobility this third line is 
essentially defensive. The fourth line is the regular army, which, like the navy, 
is essentially offensive. The fifth line is the trained reserve, and that we have not. 
As patriotic and as self-sacrificing as are the individuals who compose the militia, 
no thinking person, with knowledge of the facts, can count the militia as a trained 
reserve. For all that it is, we should, however, be deeply thankful. The sixth line 
is the reserve of equipment—guns, ammunition, clothing, food and fuel—together 
with the manufacturing establishments to turn out whatever additional is needed, 
from a button to a battleship. Untrained men, as a war asset, are like ore in the 
mine, cotton in the bale—simply a valuable raw material. The dear old lady who 
is represented as singing “I did not raise my boy to be a soldier” is quite right, 
and she was wise not to undertake it. It takes several years of special training to 
make a soldier, and it is the duty of the general government, and not even of the va- 
rious states, to undertake this. She had her work cut out for her getting him 
through the mumps and measles. 

We are prone in this country to regard ourselves as a rich nation. My ex- 
perience with rich people has been such that I have come to regard mere riches as a 
severe test of character. Money is certainly not a war asset until it is actually in- 
vested in the creation of war material and trained personnel. It is, however, a 
good thing to use in paying war indemnities, and in that respect we have an at- 
tractive bank account. Money not spent in preparedness for war, if no war comes, is 
not necessarily money saved, for, unhappily, the ideas which spring up like weeds 
around the noble aspirations of universal peace always tends to sap, strangle and 
kill the national stamina and deteriorate the national character, whereas the recog- 
nition that every citizen owes spontaneously his services to the country in time of 
war (and hence in time of peace in preparation for war) is an asset independent of 
national wealth and infinitely more valuable. Except China (and it is almost too 
late for her to lock the stable door), Great Britain and the United States are the 
two remaining countries in all the world which cling to the voluntary system of 
enlistment, because, setting the individual above the state, the individual has been 
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clever enough to avoid the discomfort, the loss of time, and the interference with 
his pleasure and business which universal military service demands. As Rudyard 
Kipling recently said, we expect to raise armies “by the same methods we raise 
money at a charity bazaar. We profess to believe that in the hour of danger there 
will always be enough men ready, of their own free will, to defend the country.” 
The voluntary system, however comfortable to the millions, is enormously expen- 
sive, unfair, clumsy, unreliable, and generally unsatisfactory. Drafting by lot in 
times of stress is only a palliative, as shown by the disgraceful draft riots during 
the Civil War. In countries in which there is conscription there are at 
least no strikes in government munitions factories and shipyards, and no real agi- 
tation for woman suffrage, for the right to vote implies the obligation to bear arms 
or to manufacture them. One must either fish or cut bait. 

However, we all get, in the end, what we deserve, and, when the final reckon- 
ing is paid in the war now going on in the world, we may even be able to estimate 
accurately the relative cost of being, say 100 per cent ready for war as compared 
with 30 per cent; and we may even find ourselves, somehow, helping to pay the 
piper. Whatever legitimate differences of opinion, therefore, we may have as to 
our national policies as a world power, it would seem to be best, instead of dis- 
cussing the subject of the maintenance of the fleet on the high plane of patriotic 
or civic duty, to apply the acid test of business, or what pays best in the end. 

In the first place, geography has placed a large ocean on either side of us, be- 
tween us and our powerful neighbors. Looking across the Atlantic, we have al- 
ways accepted a defensive rdle, and talked, and thought, and built to repel an 
enemy if he should come. This habit of thought, of waiting for something, of 
holding back, of expecting things to come to us, has almost destroyed our initiative, 
has kept back our foreign trade, and almost driven our flag from the ocean. We 
have reasoned that our fleet would give us time to bring up our supposed reserves 
and enable us to raise an army of volunteers. Facing this comfortable solution, 
we have turned our back upon the Pacific. 

Geography, acquisitiveness or destiny has presented us in the Pacific with 
Alaska, the Hawaiian Islands, Tutuila (Samoa), Midway Island, and Guam, as 
stepping stones across the Pacific, and, by their possession, imposed upon us the 
same policy as if they were actually in the hands of an enemy or rival, because 
they exist and cannot be sunk; and if we fail to make the right use of them 
geography will turn them against us, just as it turned them away from others and 
to us. The Pacific permits to us no defensive policy such as we have softened 
ourselves to in the Atlantic. Our coast line extends to Guam, even if we should 
scuttle in the Philippines. We can wiggle, and squirm, and make a wry face over 
paying the bill, but we can never evade ultimately the cost of adequately fortifying 
a naval base in the island of Guam, and in a lesser degree in the island of Tutuila, 
in the Archipelago of Alaska, and on Midway Island, just as we have already 
begun the good work in the Hawaiian Islands and at Balboa at the Pacific end of 
the Panama Canal, the reason being, if there were no other, to prevent their being 
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used against us as commercial supply stations or naval bases by an enterprising 
rival or enemy. Besides, it will pay us to do so. 

Suppose that on January 1, 1916, there should be assembled off Panama, in 
the Pacific, a fleet to make a leisurely voyage to Manila and return by way of Hon- 
olulu, Midway, and Guam. Let us assume that this fleet consists of 30 battleships, 
20 of our largest cruisers (now mostly out of date because deficient in speed), 40 
destroyers, 20 colliers, 3 supply ships, and the fleet repair ship Vestal. In order 
to state the problem of supplying this fleet in its simplest form, the speed is 10 
knots, no bad weather is encountered, there are no delays from break-downs, and 
the time to overhaul machinery, etc., is placed at an absurdly low figure. As the 
stretch from Panama to Honolulu is 4,685 miles and would necessitate towing 
some of the ships of lesser coal endurance, and, as touching at Magdalena Bay 
would only be 125 more than the direct route, this stop is made. Stopping at San 
Diego, Cal., instead, would have made a difference of 436 miles. 

We have at Balboa a fine refueling plant and an embryo naval station, and the 
fleet is supposed to sail from there full of coal and fuel oil. The assumption is a 
very liberal one that 18 tons of coal and 3% tons of oil per mile will cover the fuel 
consumption of the battleships, cruisers, and destroyers at sea at a speed of only 
10 knots, and that 1,000 tons of coal and 160 tons of oil will cover their daily 
consumption in port. According to London Engineering the average collier or 
freighter will burn 1/6 of a ton of coal per mile (or % of a ton of oil) and will 
burn about 12 tons of coal (10 tons of oil) in port per day. Our battleships carry 
nearly forty days’ fresh provisions, and five months’ dry provisions, and the three 
refrigerator supply ships Culgoa, Glacier and Celtic may be emptied on reaching 
Guam, proceed to Sydney, Australia (3,000 miles), to fill up, and return to Guam 
to meet the fleet on its return voyage. 

The following is the calculated coal consumption for the outward voyage :— 


Sea miles. Coal, tons. Oil, tons. 

Panama to Magdalena Bay.... 2,265, 49,000 8,500 
ap pOmisheday on rie. citasi cine 7 waheans 5,000 800 
Magdalena to Honolulu ...... 2,543 55,000 9,500 
Wai POKteSRGAVS arcs ccs tanbcsia | Y ctucgs iets 5,000 800 
Honolulu to Guam via Midway. 3,450 74,700 13,000 
HOLE PIOVGAV Ss esse. wlohe eee x 10,000 1,600 
Guam) to’ Manila ry). 5... 1,542 33,500 5,800 
IN POLERTO!GAYS seer ers lettin) se eta: 10,000 1,600 
PROtalee tera eer oni Ua 10,000 232,200 41,600 


Taking from the “Naval Pocket Book” the bunker capacities of all the ships 
enumerated as comprising this fleet, adding to it the carrying capacities of coal and 
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oil of the twenty colliers, and comparing the sum with the consumptions of fuel in 
the foregoing table, we have :— 


Coal, tons. Oil, tons. 

Tm bunkers 9 ccrs sassecee coe ee een 129,000 16,900 
AS (Cale Os Ge Section earch 120,000 38,100 
Mba cites Ma a lee aes Peon faci 249,000 45,000 
Consumed as per table ios ss 232,200 41,600 
Marpini css seem bot.s Lata 6 6,800 3,400 


It should be stated that the two new oil carriers Kanawha and Maumee, now 
ready for service, are included in the list of colliers.. These two help to swell the 
figures for oil by 18,244 tons. The margin remaining as above is uncomfortably 
small and we are at once confronted with the problem of 240,000 tons of coal 
and 40,000 tons of oil required to get the ships back to Balboa. The bunker coal 
for the colliers can be gotten from Singapore or Australia, but only “Welsh” or 
“Pocahontas” class of coal serves for naval use. The problem, as elementary as 
it may seem, is extremely complicated even in time of peace. What it would be in 
war is another matter, but it illustrates the profoundly gratifying fact that we 
have wisely given our ships a large steaming radius, and, more wisely still, gone in 
for government-owned colliers and supply ships, while every other navy in the 
world has to rely on chartering. With adequate supplies of coal and oil at Hono- 
lulu, Midway and Guam, we may attain the desired mobility of the fleet even in 
war, provided we adequately fortify Guam and Midway. The cost would not ex- 
ceed that of one battleship. 

In time of war the high speeds required in scouting and protecting would in- 
crease enormously the demand for fuel, and the 10 knots speed for the fleet shows 
how narrow is the margin as it gives the very minimum, easily increased by leaps 
and bounds under stress of weather or war operations. It is estimated that prob- 
ably 200,000 tons of coal a month would be required along this route in time of 
war. Two things stand out clearly in this problem, viz., the necessity for adopt- 
ing the system of towing and coaling at sea so ably and so often advocated in the 
meetings of this Society, and the need of replacing our old colliers, supply ships 
and cruisers with newer, larger and faster ones. These colliers, repair and supply 
ships, fitted with 5-inch and 6-inch guns and officered and manned by regular 
officers and men, should be able to give a good account of themselves in time of 
danger and would not need the sheltering and shepherding that must be given to a 
heterogeneous lot of chartered and irresponsible craft, none too reliable under the 
most favorable circumstances. This leads up to the question of either purchasing 
additional colliers and supply ships, or building them, as we cannot rely on charter- 
ing because we will need all the available merchant ships for other purposes, viz., 
our expanding foreign trade, and maintaining what we have. A purchased ship 
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will require at least two months to overhaul and adapt her to government require- 
ments. During the ‘““War with Spain” we purchased colliers having a gross ton- 
nage of 42,500 tons at a cost of $76 per gross ton. Economy and serviceability 
point to the entire desirability of building ships for the special service required. 
We have worked out and know every detail of what we want as colliers, oilers, 
refrigerator, repair, transport, water tank, ammunition, and hospital ships, tor- 
pedo-boat destroyers and submarine tenders, mine layers, mine sweepers, merchant 
scouts, aeroplane transports, tugs, coal lighters, and buoy tenders. 

In supplies are included reserve ammunition, medical stores, fresh and dry pro- 
visions, clothing, equipment, fresh water, “canteen” stores, both afloat in supply 
ships and at the naval bases. Fuel means the ability to deliver the blow without 
delay. Delay means the loss of the initiative. Operations can only be based on 
available means, and, in modern war, you cannot plan and then assemble stores to 
execute the plan. After war is declared it becomes a question of supplies and 
weapons at the front, or else falling back on the defensive and trying to gather 
from every source the supplies needed even for the defensive. With fortified 
island bases each would become a stepping stone to the next, and a center from 
which to sally forth, attack and harass, and to which to return for supplies, rest 
and overhaul. Our real coast line would become, as it were, more remote from our 
enemy as these obstacles in his path hindered his free movements, and, on the 
other hand, these island bases would have the effect of extending our coast line 
out into the ocean for our own forces. As sources of supply they are as valuable 
to the enemy as to us, unless we fortify them adequately and defend them with 
submarines, torpedo boats and mine devices. 

All this sounds like the stock language of the rampant militarist looking for 
and bringing on trouble, but is simply the cold business of insurance against and 
avoidance of trouble through prevision and provision. There is, moreover, no rea- 
son in forbidding business in foreign relations, or diplomacy in making for mar- 
kets and trade opportunities. Tutuila, Midway and the Aleutian Islands come into 
the question of island bases as auxiliary centers of supply and security, or as centers 
of scouting and offensive, not to mention commercial operations. Over and above 
all lies Guam in its position of unique, commanding and supreme importance, the 
“Key of the Pacific.” On what we do there depends our future on that ocean, and 
as a peaceful, law-abiding and properly respected member of the community of 
nations. If we rise to the occasion, no one can take the Philippines if we should 
let go, or drive us out until we choose to go in our own time and in our own way. 
Geography is knocking loudly at our door. 

No one can trouble the fishing industries and rich coal fields in our store- 
house of the future in Alaska if there is a fortified base in the Aleutian Archi- 
pelago. Tutuila, 5,700 miles from Panama, 2,276 from Honolulu, 3,159 from Guam, 
and 4,500 from Manila, is only 1,565 miles from Auckland and 2,377 from Syd- 
ney, with their supplies of fresh provisions and coal. The Panama Canal has 
made its beautiful landlocked harbor a priceless heritage in our manifest destiny 
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in the Pacific. Midway, at present an indispensable cable relay station, 1,150 miles 
beyond Honolulu, near the route to Guam, has a harbor with a bar good for 17 feet 
draught now, and which the cost of one cruiser would convert into an auxiliary 
fortified and equipped island base. Many visits, in connection with constructive 
work and planning, have made its every feature familiar and of deep interest to 
me, and I look forward to the time when wise foresight will guard this vulnerable 
outpost in the ocean on which our future lies. 

All this talk of fortification and equipment means less than the cost of two 
battleships, and without which the battleships are restricted to operations from 
bases improvised after war is declared. The money spent annually in soda water, 
chewing gum and candy, if spent on reasonable military necessities would put us 
in the hated class of the “prepared.” The cost for one day of the war now going 
on in the world would secure the Pacific coast from invasion for all time. Every- 
one knows this, but like the Jews of old we consider ourselves the chosen people, 
and the voices of those who could pilot the job are as those crying in the wilder- 
ness of local politics. 

The question of maintenance of the fleets is separate from that of organization, 
training and operation. But as to the supply of trained officers and men, as affect- 
ing the maintenance of the fleet, so many more than the present number could be 
utilized to advantage, and so much remains to be done, that it is best not to discuss 
it. As short-handed as we are the training goes on incessantly, as it should, and 
the spirit of competition keeps anyone from getting a swelled head as to being the 
latest prodigy in any line of endeavor. Many prizes are given and adherence to 
rules, in competitions, like obedience to orders, is ingrained. The science of getting 
the most out of each ton of coal and gallon of oil, under the spur of competition, 
has, as an example, enabled two of our fifirst dreadnoughts to make a knot more 
speed in full power than their contract, and cut the coal consumption in port in 
half, as compared with their first year in commission. Every battleship in the 
fleet can today make her contract speed and most of them can exceed it. 

Suppose we had a Supreme Council of War, whose composition commanded 
the confidence of everyone. The result would be that people would say, “The Coun- 
cil says this must be done,” and everyone would accept it as a national necessity. 
The Council might say, “We must have an interior water-way from Cape Cod Bay 
to the Gulf of Mexico for urgent strategic reasons,” or “In every other country 
in the world the coast defenses are under the navy, in order to insure co-ordina- 
tion. The Coast Artillery Corps must be transferred to the jurisdiction of the 
navy, just as the Marine Corps now is.” In fact it is just the knowledge that 
such recommendations would be made that keeps us from getting the Council of 
National Defense. Asa friend of mine used to say, “When pain or fear wrench 
hard enough on the purse strings, the doctor gets called in,” and like the sick man 
we can only hope that it will not prove too late, if necessity ever forces the calling 
together of such a council. 

Of the seventeen paragraphs of the Constitution of the United States which 


THE MAINTENANCE OF THE FLEET. 113 


define the powers of Congress, nine of them deal with providing, organizing and 
maintaining “the common defense” in such uncompromising language as seems to 
voice the suspicion of its framers as to the probable location of the lamb on that 
great day when the lion and the lamb shall lie down together, and even to suggest 
that the happy after-dinner speech of the lion is not a safe basis for framing a 
policy of national defense. The founders of this nation even seemed to suspect 
that a federation of states would not, asa form of government, sufficiently main- 
tain preparedness, and therefore took great pains to fix the responsibility on the 
legislative branch of the general government. If it is true that the people really 
rule this country—and they are constantly told they do—and yet shrink from 
facing issues which involve any sacrifice of their time, pleasure or comfort, then the 
standard of citizenship is perilously low, and government by the people is seriously 
on trial. 


DISCUSSION. 


Tue CHAIRMAN :—The other day the Chair had the privilege of being greeted as an “old 
landmark” of the Society and as such an “old landmark’ he will call to your attention 
something which happened about twenty years ago at one of the early meetings of this 
Society. The then Lieutenant Niblack read what was supposed to be a very quiet and 
innocuous paper, which dealt with a subject which was quite a live issue at that time, 
namely, the coaling of ships. Before we could properly muzzle the discussion, it consumed 
about two-thirds of our available time. The subject then treated was a mere bagatelle in 
importance compared with the one he has brought to our attention this morning. It is 
refreshing to have someone in the military service who knows what he is talking about, 
present things of such vital consequence in such terse, effective and convincing form. It is 
our good fortune that Captain Niblack had to present this paper in its entirety, for to have 
had it read by abstract would have doubtless deprived us of some of its best portions. 

The matters touched upon by him affect the country at large, even more than they affect 
those who happen to be in the military or naval service. If, by the presentation of facts of 
this kind, we can arouse our colleagues in civil life to a realization of national conditions 
—and we surely do not help ourselves by refusing to see the things that are before our 
eyes—such efforts will not have been in vain. 

I have recently returned from a visit to the west coast of this country. It is grati- 
fying to find that nearly everywhere out there these questions are taking a vital hold upon 
the people; that the great question of unselfish devotion to country and preparation for 
national defense—not preparedness for national aggression—was getting to be a very live 
issue; that to take time by the forelock and prepare themselves to protect, if necessary, 
their national welfare was all-important. But no one desires preparation for aggression, 
only preparation for the prevention of possible invasions and resultant destruction of all 
that is held most dear. 
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I merely make these remarks in introducing to your attention Captain Niblack’s paper. 
It deals with vital issues, and it is well worthy of our careful and painstaking consideration. 
I trust that it will be fully and freely discussed, but, of course, in a most conservative and 
helpful way. 


Mr. E. H. Rice, Member:—There is nothing I can say except what is congratulatory 
to the Society on the fact that we have such a paper as this before us at this time. 

Captain Niblack’s paper deals more particularly with preparedness from a naval point 
of view, and of course that is the point of view from which we are most interested in the 
subject. 

I think it is perhaps pertinent to inquire—although if I am getting too far into the sphere 
of politics I hope the Chair will stop me—what would be Great Britain’s situation today if 
her navy had not been ready? Back of that navy she has multiplied her military efficiency 
by anything you like, from 20 to 30. Her army consisted of something like a quarter of a 
million soldiers, and that army has been raised to at least fifteen times that number. If it 
had not been for an effective navy, I do not think it need be said she would never have had a 
chance to get that army in shape. That is one argument for preparedness, and is a very 
important one, from our point of view also. 

I would like to raise a question which has been agitating us all very much of late, 
especially in New York State and in the state in which I live. Captain Niblack in his 
paper, near the top of page 108, says: “In countries in which there is conscription there 
are at least no strikes in government munitions factories and shipyards, and no real agita- 
tion for woman suffrage, for the right to vote implies the obligation to bear arms or to 
manufacture them. One must either fish or cut bait.” 

According to the pictures and accounts that have recently come to hand, the women in 
the belligerent countries are both fishing and cutting bait. From Servia we read of women ~ 
serving in the trenches in considerable numbers, and in Britain and other countries they 
are working in men’s places in countless fields of activity and in munition factories in 
great numbers. 

The other great work that women do in war, namely, nursing the wounded and sick, 
and thus directly assisting in the return of the slightly wounded to the firing line, apart 
from their care of those who will never be able to go back, also must be remembered. In 
a war of the magnitude of the present one, the whole population, male and female, is 
involved, and the old idea that women take no active part in war is exploded; they assist 
in maintaining the efficiency of the fighting man and his equipment to an extent they have 
never done before. 


THE CHAIRMAN :—Is there any further discussion? If not, we will ask Captain Niblack 
to close. 


Captain Nrip_ack:—lI merely wish to say this paper is in line with the attitude of 
thinking people who stand for adequate preparedness. It calls attention to a condition of 
affairs which I have become familiar with during twelve years’ sea service in the Pacific 
Ocean, through cruising in all parts of it. It is a frank statement aimed at no other coun- 
try, but intended merely to preserve our interests in the Pacific, which are more or less 
threatened. It is dangerous to leave property lying around loose in the present state of the 
political unequilibrium of the world. 
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THE CHAIRMAN :—We now pass to the next paper, No. 10, entitled, “Period of Vibra- 
tion of Steam Vessels,’ by Mr. William Gatewood, Member. We will be glad to have 
Mr. Gatewood present his paper in person. 


Mr. GatEewoop:—I want to apologize to the Society for presenting a paper containing 
so many mathematical formule, and for two reasons: First, there are few who really 
enjoy mathematics; and second, the mathematics in this paper is of the vintage of over thirty 
years ago, and the bottle has been left uncorked and possibly it is a little bit sour. 

There have been read before the Society several papers on the subject of balancing 
engines, but, so far as I am aware, nothing has been read before the Society relative to the 
effect of the unbalanced forces of the engine on the structure of the vessel. So I have taken 
this opportunity of presenting a few thoughts on the subject. Almost everyone has experi- 
enced the discomforts of the vibrations of steam vessels, and some of you, perhaps, have 
experienced the discomforts of the vibrations of the Ford motor car. I am at liberty to 
mention the Ford car, because it has a close relation to some classes of war vessels. 

When the turbine installation was first put into vessels, it was considered that the dis- 
comforts of vibration would be eliminated. It was found, however, that while they were 
greatly reduced, there were still some vibrations left. It is possible that, when the elec- 
tric drive is perfected, the vibration of steam vessels will be further reduced. 

As is well known, in all calculations relative to the strength of vessels, the vessel is con- 
sidered as a beam and the stresses are determined by the beam formule. So it seemed to 
me only natural that the period of vibration of a vessel could be worked out by considering 
the period of vibration as that of a beam. I have therefore presented to the Society some 
statements relative to the laws governing the period of vibrations of beams, and the appli- 
cation of these laws to the case of a floating vessel. 


Mr. Gatewood then presented his paper. 


PERIOD OF VIBRATION OF STEAM VESSELS. 
By WILLIAM GaTEwoop, Esqg., MEMBER. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


The author was led to investigate this subject by the vibrations which oc- 
curred in service on an oil tanker built by the shipyard with which he is con- 
nected. This tanker is 460 feet long and is fitted with a quadruple expansion 
engine installed in the stern, designed to indicate about 2,800 horse-power at 78 
revolutions per minute. When running in ballast condition, no vibration was ex- 
perienced. When loaded, however, longitudinal vibrations in a vertical plane were 
experienced with the engines turning at revolutions between 72 and 76. These vi- 
brations were of the two-nodal character, and their period corresponded with the 
revolutions of the main engines. After several trips, the pitch of the propeller was 
increased so that the revolutions in service. might be less than 72, and under the 
altered conditions no vibration was experienced. 

In order to investigate the matter more thoroughly, however, observations 
were taken on the vessel after the pitch of the propeller had been increased. The 
methods of taking observations were somewhat primitive and consisted of a de- 
vice for measuring variations in the shape of the vessel in a vertical plane and an- 
other device for measuring the change in length of the deck plating. 

A vertical batten marked off in inches was set up at mid length of the vessel, 
in line with the inner edge of the shelter-deck stringer plate. A horizontal batten 
was located at the height of the rail abreast the after end of the engine casing. 
An observing station was established at the outboard end of the breakwater near 
the bow. The distance from the observing station to the vertical batten was 192 
feet 8 inches, and from the vertical batten to the horizontal batten was 189 feet 2 
inches, a total distance of 381 feet 10 inches. This was the longest fore-and-aft 
sight obtainable. The method of observing was to sit on the breakwater with head 
against the rail and with binoculars to watch the motion of the horizontal batten 
past the divisions on the vertical batten. 

Five stations were located for observing the stretching and compression of 
the shelter-deck stringer plate. No. 1 station extended from the breakwater for 90 
feet aft on the line of the inner edge of the shelter-deck stringer plate. No. 2 
station overlapped No. I station, and extended go feet from just forward of the 
bridge-house to nearly amidships. No. 3 station overlapped No. 2 station and 
extended 90 feet over the mid length of the vessel. No. 4 station overlapped 
No. 3 and extended 90 feet from forward of the mainmast to aft of the after cof- 
ferdam. No. 5 station overlapped No. 4, and extended 9o feet from the after coffer- 
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dam to the after end of engine casing. The method of observing was to secure one 
end of a steel tape to the heel of a rail stanchion and to hold the other end in the 
hand with constant tension, watching the motion of the 90-foot mark past a scratch 
on the deck plating. 

The observations took place in the Gulf of Mexico in July, 1914, with the 
vessel loaded with about 11,000 tons, deadweight. The revolutions of the main 
engine were increased from 68 to 74, when a slight vibration became noticeable. 
It could not be measured by the battens, but at No. 3 station the motion amounted 
to about gs inch in 90 feet. When the revolutions were increased to 76, the 
vibrations were quite appreciable. The motion on the batten amounted to about 
4 inch total. It was difficult to determine this with exactness, as it varied 
slightly, but it never appeared to exceed 34 inch, and % inch seems near the true 
reading. The motion in go feet as determined by the tape line was ~j inch at 
No. 1, #z inch at No. 2, 7g inch at No. 3, ¢ inch at No. 4, and ¢z inch at No. 5. 
The number of vibrations corresponded with the revolutions of the engine and 
could be easily counted by the motion of the tape. The type of vibration was of 
the two-nodal character, in which the bow and stern drop as the midship portion 
of the vessel rises, and rise as the midship portion drops. The nodes seemed to lie 
near the after end of the bridge deck-house and at the after cofferdam, but it was 
difficult to decide where the nodes were. 

The variation in stress in the shelter-deck stringer corresponding to 7g inch 
variation in length in 90 feet amounts to about 1,700 pounds per square inch. The 
deck was already in compression, and the additional compressive stress therefore 
amounted to about 850 pounds per square inch. 

During the tests the sea was smooth. When the engines were slowed down, 
the vibrations ceased. When the revolutions were raised to 76 again, so that in- 
dicator cards might be taken, the vibrations reappeared, and of the same intensity 
as before. 

Here seemed to be a case of synchronism between the revolutions of the main 
engine and the period of vibration of the hull structure occurring in the working 
range of revolutions of the engine on a vessel of low speed. The literature on 
the subject to which the author had access did not seem to be complete as regards 
the period of vibration of the hull structure, although approximate formule were 
given by Herr Schlick in a paper read by him in 1894 before the Institution of 
Naval Architects in England. 

From the considerations set forth in the Appendix, it would appear that the 
general formula for small isochronous vibrations is 


eae 
EEN: () 


in which T is the time in seconds for a double vibration; g is the acceleration of 
gravity; k® is the square of the radius of gyration in feet, in the value of the 
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kinetic energy; 8 is the movement of the weight in feet, in the expression for the 
work done. 

From formula (1) the expression for the number of vibrations per minute is 
obtained :-— 


V.P.M.=2— re 

The purpose of this investigation is to determine the above-mentioned for- 
mul, and how the values of k? and of 6, which should be used in them, can be 
obtained when the period of vibration of a vessel is in question. In order to pre- 
pare the way for this latter problem, the simpler cases are discussed at some 
length in the Appendix. 

A vessel is a beam of varying moment of inertia of section “I,” irregularly 
loaded, and supported by fluid pressure. In order to simplify the calculations, the 
moment of inertia “I”? may be considered constant, although in some types of ves- 
sels a considerable error would be introduced by this assumption. The curve of 
weights is plotted from the data available, and the curve of buoyancy in still water 
is obtained from the lines. The difference between the ordinates of these two 
curves gives the curve of loads. The curve of “loads” is integrated graphically, 
and the resulting curve is the “shear” curve. By integrating the ‘shear’ curve, 
we obtain the curve of “bending moments in still water.” The process to this point 
is that commonly in use in ship calculations. Plate 56 shows the results for the oil 
tanker previously mentioned. 

By integration of the moment curve, we obtain curve of “angle of deflection” 
and by integration of this curve we obtain curve of actual “deflection.” The in- 
tegration of the moment curve should preferably start at amidships and proceed 
both ways. Plate 57 shows the resulting deflection curve rectified to show same 
amount of deflection at stem and propeller post. If account had been taken of 
varying moment of inertia of section, this curve would be slightly modified, but 
probably inappreciably, as “I” hardly changes for three-quarter length amidships in 
the vessel selected. 

The question next to be settled is the position to be assumed for the points 
of support of the vessel considered as a beam. After giving the matter some 
thought, it was concluded that this might be determined by obtaining the mean im- 
mersion by taking the load-water plane of the vessel and determining the volume 
of the buoyancy included between the “deflection” curve and the horizontal at the 
lowest point of this curve. Dividing this result by the area of the load-water 
plane, we. obtain the mean immersion which will give the same volume. We plot 
a line across the rectified “deflection” curve at this height above the lowest point 
amidships. The crossings of this line and the deflection curve will represent the 
points of support, as, if the vessel were to straighten out, this is the height at which 
it would float, the buoyancy lost by the rising of the midship part being balanced 


(2) 
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by the buoyancy gained at the ends, considering that there would be no appreci- 
able change in trim. 

The total work would be that done in deflecting the vessel considered as a 
beam, or, from (39), (46) and (47), in the Appendix, 


L : L 
U=Ws=%f Mdi+ 4 f (w—6) (yy) dx (3) 
and, since the two parts are equal, 
L 
=a (4) 


in which W represents the total weight of the vessel, or the displacement; w— b 
represents the varying weight per foot run of the vessel as read from the “load” 
curve; and y —y is the deflection measured from the mean immersion line. 

To obtain k*, we use the formula— 


ea fee (5) 


in which w is the varying weight per foot run of the vessel as read from the weight 


curve (not the “load” curve), and W is the total weight of the vessel. 
2 


The value of k obtained for the vessel with data on Plates 56 and 57 is— 


é 
R  .O0O4T4 
Sea feet=.3244 feet (6) 
whence 
V.P. M, =—S#:35 _ 95 08 (7) 
V 3244. 


It will be noted that the period for the vessel shown on Plates 56 and 57, as cal- 
culated, is about 95 vibrations per minute. This is the same vessel, however, on 
which the vibrations were measured and found to be about 76 per minute. The 
discrepancy indicates an error in the assumptions. At first it was thought that the 
rigidity of a hollow riveted structure such as a vessel would be less than if it were a 
homogeneous steel structure. This is probably true to a certain extent, and the value 
of E to be used in the formula should be taken at somewhat less than its accepted 
value, perhaps. Also, the value of J varies, depending on whether it is taken in 
way of a bulkhead or between bulkheads. It is recognized also that there is a de- 
flection of a beam due to shear action as well as to bending action. 

In addition to the preceding causes affecting the deflection, a correction 
would be necessary on account of the fact that the value of the kinetic energy was 
obtained by considering the weight of the vessel as the mass given motion in the 
vibration, and the fluid effects were neglected. There is no doubt that the vertical 
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motion of any part of the vessel is accompanied by a motion of the adjacent water, 
and that the mass given motion is really greater than was assumed. But none of 
these corrections seem sufficient to account for the discrepancy. 

The vessel was considered as a beam with loads concentrated along the neu- 
tral axis. Actually, the depth of the vessel is about one-twelfth of the length, and 
the loads are distributed throughout the depth of the vessel. Some of the weight, 
indeed, is at quite a distance from the neutral axis. If the vessel were a beam sup- 
ported at the ends, this would not introduce a very serious error into the calcula- 
tions. But when the points of support are near the quarter-length of the vessel, 
the relative effect is greatly increased, as so much of the weight has fore-and-aft 
motion during the vibration, with no appreciable vertical movement. It is consid- 
ered that the effect of taking into account in the calculations the vertical distribu- 


2 
tion of the weights on the vessel will be to increase the value of ig about 56 per 


é 
cent, and to decrease the number of vibrations per minute from 95 to about 76, the 
observed value. 

If the vessel in question is typical, the number of vibrations per minute as 
calculated, without allowing for the vertical distribution of the weights, would need 
to be reduced by about 20 per cent to obtain the actual figure. 

When a beam vibrates, the reactions at the supports are affected. The prob- 
able effect in the case of a vessel with deflection curve as shown on Plate 57 may be 
obtained by considering that the reactions are least when the beam has least flex- 
ure, and the reactions are greatest when the beam has maximum flexure, and in 
each case correspond to the steady condition which would produce the flexure. By 
analogy from the “Rod in Tension,” considered in the Appendix, the weight (in 
this case the vessel as a whole) will be at its top position when the unbalanced 
force tending to lower the weight is greatest, and at its bottom position when the 
force tending to raise the weight is greatest. In the case of the vessel, the draft 
will be least when the flexure is greatest, and the draft will be greatest when the 
flexure is least. 

The amount of the dipping motion as determined in the Appendix, considering 
the amplitude of the vibration as one-tenth of the deflection in each direction, 
amounts to .00678 foot. Plate 58 shows this forced “dipping” motion combined with 
an assumed amplitude of vibration of one-tenth of the deflection, and from this it 
appears that the effect is to cause the nodes to approach each other, to reduce the 
vertical motion amidships, and to increase the motion at the ends. 

The nodal points as observed on the vessel are marked on Plate 58, but no spe- 
cial means were used to locate them accurately. 

Attention is invited to the fact that in shoal water, on the vessel observed, vi- 
bration seems to start at about six revolutions per minute less than it starts in deep 
water. No explanation is apparent. 


It will be noted that us for any vessel considered as a beam is a function of 


f) 
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the weight or displacement multiplied by the cube of the length and divided by the 
moment of inertia of the midship section, or 


#_¢(axz re 


The coefficient, however, is seen to vary as the loading changes, since the bend- 
ing moment curve alters with the loading, and the deflection curve also. If the 
displacement be expressed in long tons; the length to propeller post, in feet; and J, 
in feet :— 

For the vessel Plates 56 and 57, 


V.P.M.=1,619,000 ee as observed. (9) 
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APPENDIX. 


SIMPLE PENDULUM. 


Fics. 1 AND 2, PLATE 59. 


Let a weight W be suspended from a point C by a weightless rod of length / 
Gigi, Plate so). 

If the weight be raised to 4 and released, it will swing about the point C, pass- 
ing through O, vertically below C, and continuing to a point on the opposite side 
practically as high as dA, when its motion will be reversed, and it will swing back 
toward 4 again, etc. 

The work done in swinging from A to O will be W4:, where y: is the height of 
A above O. Neglecting friction, this work will be the amount of kinetic energy of 


2 
the weight as it passes O with velocity Vo, or Wy, = W _ Also, the work done at 


2 
the time of passing B would be W(y: — y), and the kinetic energy W ~ the velocity 


at the point B being V. Equating, we have— 


2 
—- == a 
W,-9)= W re 


V=| 2g (1-9) (10) 


If the chord of the arc OA have length S:, and of arc OB, S, then by construc- 
tion— 


and 


oye S? 
Dire ue Vin (11) 
Substituting values of yi and y in equation (10), we have— 
v= fex VRS (12) 
Vo= Sie (13) 
Va eV SSF (14) 
1 


To determine the period of swing, lay off a half circle with radius = S: (Fig. 
2, Plate 59), and consider a point on the circumference to move with uniform velocity 
V.. When the point is at D, the component of the velocity parallel to OA, V, will be 


BD 


Os 
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If OB is called S, then 
BD= op —oB -\ Si- 8? 


and y= 12 |s— S (15) 
S, 

It will be seen, therefore, that the component parallel to a diameter, of the ve- 
locity of a point which travels with uniform velocity in a circular path, bears the 
same relation to the velocity of the point that the velocity of the simple pendulum 
at any point of its swing bears to the maximum velocity of the pendulum. If, then, 
the pendulum swings through such a small arc that the chord and arc may be con- 
sidered identical, the time taken to swing through arc S: will be the same as it takes 
the point in Fig. 2 to move through a quadrant of radius Si, or 


t= 7 sae NG 6 
Vi S AE 2 £ (a ) 
The time required for a double swing, or from 4 back to A again will be 


Uh fe ee 
In this case, where the weight is considered concentrated at a point, the expres- 


sion ae of equation (1) is replaced by +/7, the length of the simple pendulum. 


COMPOUND PENDULUM. 
Fic. 3, PLate 59. 


If the weight be not concentrated at a point as in the case of a simple pendu- 
lum, but the pendulum consists of a bar of length L and unit weight of w pounds 
(Fig. 3, Plate 59), the work done in swinging from A to O will be wy, where y: is 
the height of the center of gravity of the bar above its lowest point. The kinetic 
energy of the bar as it passes the vertical, will be— 


cL ere 2 
f wal x Lio’ yp xl y% 
° 22 3 22 
where a is the angular velocity. 
Equating work and kinetic energy, we have— 


2 2 
wlhy,=wLl X £ xo 
Bi) | 2k 
28-1 
Pen fs VU 


X= 
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2 . 
if we call L which is the square of the radius of gyration, = k’. 
3 


Similarly for any intermediate position B, 


pies 2a y) (18) 


: is chord DE have the length S:, and the chord HE the length S, then 
i= sr, and 9-3, where 9 is the radius to the center of gravity =14L. Substi- 


tuting the values of y, and y in (18), we have 


a= ef Si- S (19) 
Comes = (20) 
a= 29 |57—$° (21) 


where S; and S are chords with radius 6. 
The maximum angular velocity of the simple pendulum from (13) would be— 


where S, = /0, = arc with radius 1. 
Similarly from (20), the maximum angular velocity of the compound pendulum 


would be— 
= 604 RB ey = ble pe ( 23 ) 


From a comparison of equations (22) and (23), it appears that for the com- 


pound pendulum lu corresponds to/ for the simple pendulum, and the formula for the 


) 


period of the compound pendulum would be— 
Y pai JB (24) 
VeNd 


where © replaces 1 in formula (17). 
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ROD IN TENSION. 
Fics. 4 anp 5, Pirate 59. 


Let a weightless rod of definite length be suspended from a point C, with lower 
end at D. When a weight W is attached to the end and gradually lowered, the rod 
will stretch until the end of the rod reaches some point O (Fig. 4, Plate 59). Call 
the stretch 6. 

In Fig. 5, Plate 59, lay out DO equal to the amount of the stretch of the rod from 
condition with no weight attached to condition with weight W attached and at rest. 
Let OP, DL represent to scale the weight WV. Join D and P. Then, if the weight 
is raised a distance S: to point 4, the portion of the weight carried by the rod will 
be represented by AE. If the weight is now set free, it will fall to some point Z be- 
low O, and then will rise to A, if friction is neglected, and continue the vibratory 
motion about O as a mean position. When the weight is at point B, distant S above 
O, coming down, the accelerating force F will be represented by MN, the difference 
between the total weight and the tension of the rod. By construction, 

MN_S S 


PE a (25) 


The work done by the weight in falling from 4 at the time of passing O is WS1, 
represented by the area AOPG. Of this, the area AOPE represents the work done 
in extending the rod, and the area PGE represents the work done in accelerating the 


weight. 
The area 


PGE = %EG x GP = 4W3x Si = wwe (26) 


This will be equal to the kinetic energy of the weight when passing O, with 
velocity Vo, or 


We S,? 
are =*W~ (27) 
eile (28) 
and V, S.J 


Similarly, the work done in accelerating the weight in falling from A to B will 
be represented by the area MNGE, and this will equal the kinetic energy of the 
weight in passing B with velocity V, or 


2 2 Pye 2 
kW KW ew (29) 


From this we obtain the value of V:— 


y- {esi S? (30) 
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and from (28) 


v= 2 Js: se (31) 


It will be seen that the character of the motion is exactly the same as in a simple 
pendulum, and the period can be obtained in the same manner. The time occupied 
by the weight in moving from A to O, with variable velocity, will be the same as 
the time taken in traversing a quadrant of radius 4O=S, at the velocity Vo of the 
weight when passing O. 


ba ian eater _ a {§ 
bate TaN (32) 


The conditions after passing O are the reverse of the conditions of the approach, 
the kinetic energy being converted into work, and the same formule hold. The time 
of a double vibration from A to Z and back to A again will therefore be 


T= 4t=an B- B (33) 


By comparing this with equation (17), it will be noticed that the period is the 
same as that of a pendulum of short swing having a length equal to 6, the total 
extension of the rod to position of equilibrium. The period of the rod in tension 
is not dependent on the amount of the vibration so long as the tension is not entirely 
relieved, and so long as the extension of the rod is proportional to the force acting 
on it. 

A further consideration of the subject will indicate that when the accelerating 
force is directly proportional to the distance of a body from neutral position, the 
period of vibration will vary as the square root of the distance from neutral position 
to point where accelerating force is equal to the weight of the body. The period is 
that of a short swing pendulum having a length equal to the above-mentioned 
distance. 


CANTILEVER OF UNIFORM SECTION LOADED AT END. 
Fic. 6, PLate 59. 


Let the cantilever be assumed of uniform section and without weight, of length 
1, and loaded at the free end with weight W”. Before the weight is applied, the free 
end is assumed at 4 in same level line as the fixed end C. When weight is applied 
and brought to rest, the free end will be at O, the position of neutral equilibrium, and 
the deflection will be some length 6. Let x and y be the coordinates of any point 
B on the cantilever when in neutral equilibrium, and let 7 be the angle made by a 
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tangent to the curve at B with the horizontal axis. For relatively small deflection, 


i= ay (34) 
fe 
a A 
and Wet aa reciprocal of radius of curvature -# (35) 


Applying the above formule to the cantilever in question, we find that, at any 
point B 
M=W(-x) 
and 
CES © W(l-<x) 


Che © ls © TL 


By integration, 
And by further integration, 


By making + = 1, we find 


73 
vee = (36) 


Since by (36) the deflection varies directly as the load, the accelerating force 
when the weight is raised and released will vary directly as the distance from the 
neutral position, and will equal the weight when the weight is raised to the level, a 
distance = 6. The period of vibration therefore will be given by the formula (33). 


= 23 (37) 


CANTILEVER OF UNIFORM SECTION UNIFORMLY LOADED. 
Fic. 7, PLate 59. 


Let the weight per unit length be w. The bending moment at any point B 
will be 


M =w(l—x) 3) _ w(l—x)? 


2 2 
Applying formula (35), integrating and making + = /, we find 


Deflection of end of cantilever = ae (38) 
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This deflection is evidently not the deflection of the total weight. The deflec- 
tion to be used in calculating the work is the deflection of the center of gravity of the 
total weight, and that is found as follows:— 

Let wd be the weight on length dx at any point B of the cantilever, whose 
deflection is y. Then wdx.y will be the moment of this weight about the axis X, 


q 
and f wydx will be the total moment about that axis. If this be divided by wl, 
the total weight, the result will be the deflection of the center of gravity of the load, 


or 
_ i wyde 
bred areas (39) 
From this we find— 
Vl 
ia s0El (40) 


In this case, however, where the load is not concentrated, while wlxd repre- 
sents the total work, including both the work done in deflecting the beam to neutral 
position from position of no load, and also the work done in lowering the weight, 
it does not represent the kinetic energy of the loaded cantilever, because all parts of 
the weight have not the same velocity. The velocity of any point is proportional to 
the deflection at that point. The virtual center of mass would be obtained as in the 
case of a compound pendulum, by determining the square of the radius of gyration, 
using the deflection of each point, however, instead of the distance of the point 
from the pivot. If k* be the square of radius of gyration so obtained, the equiva- 


rd 


lent pendulum will have a length “ 


é 


instead of 6, just as in the case of the compound 


pendulum. 
The period of vibration of the uniformly loaded cantilever will then be— 


~ VeN5 (41) 


where 6 is the deflection of the center of gravity of the weight, and # is the square 
of radius of gyration. 
The radius of gyration is obtained by the formula— 


_ (i wydx 
iN ieee (42) 
Solving, we find 
2 13°28 
k 3240 FP (43) 
and from (40), 
RP 132" 


ene (44) 
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Expressed as a fraction of the maximum deflection, we find 


2 


: = .642y, and d = .4y, 


CANTILEVER OF UNIFORM SECTION, LOADED IRREGULARLY. 


The deflection of the center of gravity of the load would be given by the for- 


mula 
£ 
wyax 
8 = 7% (45) 
f wax 
in which w is a variable. Y 


The total work consists of two parts. One part is due to the flexure of the beam 
against its resilience, and the other part is due to the lowering of the center of grav- 
ity of the weight against the resistance offered by the resilience of the beam. In 
the case in question, where the support is considered rigid, these two parts are equal. 
The formula for the total work as set forth in books on mechanics may be written— 


U= Wi = %f Mai+ ews (46) 
Since di = ve, formula (46) may be changed to read— 
i 
MPdx 
6= a WET (47) 


in which W represents the total weight. 

This may prove more convenient for use than formula (45). 

No formula for determining k* in terms of M direct seems practicable, so that 
k? would be obtained by first determining y, and then using the formula— 


ao if wy ax 
IP wax 


BEAM SUPPORTED AT ENDS. 


(48) 


Fic. 8, Pirate 59. 


From the consideration that the period of vibration depends on the deflection 
of the center of gravity of a concentrated load from the position where the weight 
of the load is entirely unbalanced, it will be found that the period of vibration of a 
beam resting on two points of support and loaded at the center will be the same as 
a cantilever of half the length loaded at the end with half the load. 
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The period of a beam supported at the ends and uniformly loaded can be ob- 


tained as follows :— 
Let w be the load per foot run, and L the length of the beam. The bending 
moment at any point B will be 


M = “Wwlh(“l —x)— Yw(%l—xy 
and 
w ee | 


Making + = WL, the elevation of the point of support above the tangent at mid 
length (equal deflection at mid length) will be 


i 5wL't 
Dine Gay (49) 


Applying formula (47), we have 


4L Nf?dx wL' 
yal eee 
J WEI 120E/ (50) 


since W = %wL = load between mid length and end. 

This gives the deflection of the center of gravity of the load in neutral posi- 
tion below the points of support. 

We have— 


4L 
A jf wy, zt y)’dx wL (5 1) 
Rk’ = ol eye .00008 542 
2 £8 
© Se X ,00008542 ; 
77 aE = ey xX .O1025 (52) 
1204/ 


Expressed as a fraction of the maximum deflection, we find 


2 
ua = .7872y, and 6 = .64y, 
2 
Z varies directly as the load and becomes o when the load is 0, it is the 


s) 


deflection to be used in the formula for the period 


Since 


neal 
VENS 
By comparing this result with the period for a uniformly loaded cantilever of 
half the length, it will be found that the period of the cantilever is about 70 per cent 
as great. 
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BEAM UNIFORMLY LOADED, WITH SUPPORTS NOT AT ENDS. 
Fic. 9, PLate 59. 


The formula for the bending moment changes at the point of support. For 
points outside of the support, the bending moment is given by the formula 


M = —%yw(l —xy (53) 
For points between supports, 
M = “wlh(“l — A—x) — Yw(%l — x (54) 


By plotting these values, and integrating graphically for the values of 7 and y, 
formulas (34) and (35), we can obtain the deflections relative to the lowest point 
of the beam. By subtracting these values of y from ys, the deflection of the point of 
support, we obtain the deflection relative to the points of support. Integrating graph- 
ically these latter in accordance with formula (45), we obtain the value of 6. If 
we square the deflections relative to the paints of support, and integrate graphically 
in accordance with formula (48), we obtain the value of k*. For points of support 


2 
one-eighth length from end, = works out approximately equal to 


wh 


-0034 F, (55) 


It will be noticed that for a uniformly loaded beam of half length = J, if sup- 
ported:—At ends, 


. = 1164025 from (52) 
At &% length from ends, 

R? we 

‘a 0546 EI from (55) 
At mid length, 

- = .0802 a from (44) 


BEAM IRREGULARLY LOADED, WITH SUPPORTS NOT AT ENDS. 


This case can be solved by plotting the load curve, integrating for shear, and 
integrating again for bending moment. The process of obtaining deflections 6 
and £ would be the same as in the preceding case. 

If the supports are not rigid, but are capable of movement, as for instance, a 
beam supported from balance arms with counterweights, a further complication will 
result. 
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MOTION IN A HORIZONTAL PLANE, 


If a load W be applied at the end of a cantilever by small increments, a steady 
deflection 6 will be produced. The work done may be expressed as 4/6, and this 
is the measure of the resilience of the cantilever when deflected by an amount equal 
to 6. Ifa load 2W be similarly applied, the deflection will be 26, and the work done 
will be % X 2W X 26 = 2W6. This is the measure of the resilience of the can- 
tilever when deflected by an amount equal to 26. Now let the load W be applied at 
once at the end of the cantilever. The work done at deflection 6 will be W6, of 
which 14/6 will be stored in the cantilever as resilience, and the remaining %4W6 
will represent the energy of motion of the weight W as it passes the point of steady 
deflection. It will be found that when the cantilever has deflected 26, and the re- 
silience equals 21/6 as shown above, the work done by falling of the load W is also 
2W 6, and there is no energy of motion and the weight is momentarily at rest. But 
the weight WV is not sufficient to hold the deflection at 26, and the resilience causes 
the weight to rise. As it passes the deflection 6, the energy exerted by the canti- 
lever is 2W56 — YWS = 1%W5. The weight has been raised a distance 
25 — 6 =6 and the work done is W6. The remaining '4)/6 represents the 
energy of motion of the weight, which, it will be noticed, is the same as in the down- 
ward motion at the same point. It will be found that when the deflection is 0, the 
energy exerted will be 2W6, and the work done in raising the weight will be 
2W6 also, and the load will be again momentarily at rest. 

As has been shown previously, the period of this vibration will be the same as 
that of a simple pendulum of length 6. The period will remain unchanged when 
the vibration is reduced as the relation of velocity to length of travel of the weight 
is constant. 

If the cantilever is turned on its side, and the load W is deflected by hand 
or some independent force to a horizontal distance 6 to the right, the resilience 
will be '4W6 as before when the deflection was in a vertical plane. If the weight 
be released, the energy exerted by the resilience of the beam when the weight 
passes the neutral position will be %4W6, and as the weight is supposed to move 
in a horizontal plane, this will represent the energy of motion. When the weight 
has moved a distance 6 to the left of neutral position, this energy will have been 
all expended, as the energy of resilience is again %W 6, and the weight will be 
momentarily at rest. It will be noticed that the weight moves through a distance 
26, and has an energy of motion at mid vibration of 4/6, corresponding ex- 
actly to the motion in a vertical plane. The period in the two cases will therefore 
- be identical. 

DIPPING MOTION. 


The amount of the dipping motion of a vibrating vessel can be obtained by 
considering that in the case of the “Rod in Tension,” 


ie oe (32) 
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The general formula for motion involving space, time and acceleration is— 
s = eat? (56) 
Substituting 6 for s and the value of ¢ in formula (32), we find 


8 
a=— (57) 


This shows that the average accelerating force is a: times the maximum 
n 


accelerating force. 
For the vessel of Plates 56 and 57, the “load” is 2,100 tons, and the weight to 
be raised or lowered is 15,700 tons. The accelerating force would be 2,100 
tons if amplitude of vibration were such as to straighten out the deflection. 
Taking ¢ as .197 second, corresponding to 76 vibrations per minute, and a as 
210 
15700 
tenth of the deflection, we find from formula (56) that s = .00678 foot. 


x Bh corresponding to an amplitude of vibration in each direction of one- 
mt 


DISCUSSION. 


THE CHAIRMAN :—Gentlemen, the paper is ready for your discussion now, and I trust 
you will not be unduly frightened by the mathematical characters which you find liberally 
sprinkled throughout the paper. The Chair will take advantage of his position to refrain 
from further comment. ; 


Me. A. ScueIn, Visitor:—Mr. Gatewood speaks about the primitive method which 
was introduced in measuring the vibrations on the tested steamer. That is why I wish to 
mention the fact that Mr. Elmer A. Sperry has recently completed a pallograph for measur- 
ing the vibrations of ships, for the use of the U. S. Navy engineers and also at the Model 
Basin, at Washington, D. C. 

Briefly, the pallograph is an instrument which simultaneously records vertical and 
horizontal transverse vibration. Of equal importance is the introduction of pencils for indi- 
cating revolutions of the ship’s shafts for each propeller separately, and prime mover, indi- 
cating seconds. 

When the pallograph is in operation the pendulum appears to oscillate and vibrate rap- 
idly, whereas in reality it is standing absolutely still, as the ballistics of the apparatus is so 
adjusted as not to be in synchronism with the vibration of the ship. The apparatus, which 
weighs hardly ninety pounds, can be placed in any part of the ship so as to detect the cause 
and location of vibration. The pallograph could doubtless be procured either from the offi- 
cers of the Navy or from Mr. Elmer A. Sperry. 


PERIOD OF VIBRATION OF STEAM VESSELS. 135 


Mr. Francis B. SmirH, Member:—I just want to make a few remarks based on some 
practical observations of vibration on ships of the class we have on the Lakes—long ships, 
about 600 feet long, 60 feet beam, and about 32 feet depth. We sometimes get reports 
of a ship vibrating very badly, and we have had occasion to try to locate this difficulty. We 
have not found any cases yet on our ships where we could not take the vibration out—that 
is, all perceptible effects of the vibration—by regulating our engines and the trimming of the 
ship with water ballast; it is very seldom that we have to go to the water ballast unless we 
find it has been improperly distributed. 

We have had a number of cases where we have had men who made a profession of bal- 
ancing engines go with us, and in following out their recommendations we probably have 
improved the trouble somewhat, but it has been our experience, in our class of ships, with 
the machinery and boilers located away back in the stern, where it is probably difficult to 
place them, that we are generally able to bring it down to a point where it does not do any 
injury to the ship, simply by balancing the engine in regulating the cuts of the different 
engines. That has been our experience. 


Captain ALBERT P. Nisrack, U. S. N., Vice-President:—I wish to make a few re- 
marks merely on the importance of the question of the vibrations on board a battleship. 
The question is of vital importance, because the period of vibration of ships being neces- 
sarily different, it is quite conceivable that in a formation of battleships, the speed at which 
the formation is steaming might commit one ship to a vibration that was ruinous, in the fact 
that the vibration might disturb all observations of any kind—for instance, of range find- 
ing, gunsights, and fire control. The question is really with us a very vital one. 

With a merchant ship you can take the necessary precautions to change the speed, but 
when you are in formation, as in the case of battleships, you cannot change the speed, and 
the admiral in command of a fleet possibly does not know that the other ship is vibrating. 
I want to bring up the point that probably by regulating the ballast by using trimming 
tanks, the vibration could be regulated even on a ship that found herself in this unfortunate 
position. 

The helpful point that has been brought out by this paper is the practical application of 
a remedy and I thank Mr. Gatewood for it. 


Captain W. S. Smiru, U. S. N., Member:—The Department recently conducted some 
experiments of vibrations on battleships, and being familiar with them, I will state practi- 
cally what has been done and some conclusions reached. 

In the case of the Minnesota, a battleship which suffered a great deal through the 
breaking of shafts, a Board was appointed and the subject very thoroughly gone into. 
Experiments were made, and the machinery was put in perfect alignment so as to eliminate 
as much as possible any question of engine vibration by being out of line. The vibrations 
were measured, and the general determination reached was that stiffening, particularly under 
engine foundations, and with a due regard to the design of the shaft to make it heavy enough, 
would obviate the trouble—that is briefly the conclusion arrived at in the study of vibra- 
tions recently made. The question of thrust bearings was gone into, and they were supposed 
to be very thoroughly stiffened up through the inner bottom. 


Mr. LutHer D. Lovexin, Member:—I ask Captain Smith if the question of the four- 
bladed propeller did not have an effect on the vibration of the vessel? 
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Captain SmitH :—That is believed not to have had a very great deal of effect. That 
has not been thoroughly worked out yet, but it is not taken into serious consideration. As 
I understand, they will reinstall the three-bladed propellers instead of the four-bladed pro- 
pellers. 


Mr. Lovexin :—I had the pleasure of talking with Captain Dyson the other day, and 
he informed me that the vibrations had been materially reduced, to his amazement, that 
the power had exceeded the old three-bladed screw, at 3,000, and that he would recommend 
that the three-bladed screws be put back to take care of the vibration. 


Captain SmitH:—Mr. Lovekin evidently has later information on the subject than 
I have. 


Tur CHAIRMAN :—The Chair was about to remark that certain intimations have come 
to him somewhat at variance with the conclusions reached by Captain Smith. It appears 
to the Chair that it would be very desirable to have in the Society’s Transactions the actual 
conclusions of the Board recently appointed by the Navy Department to consider thoroughly 
the subject of propeller shaft fractures, and I trust that will be accomplished before our 
next meeting. I understand that some of the results of their investigations were exceed- 
ingly interesting and show conclusively where we may look for these troubles. As I am 
not fully informed personally as to the details, I would prefer to hear from those who 
have had direct touch with the matter in its latest phases. I have no doubt that Captain 
Smith’s information is based quite correctly on some of the preliminary work of the Board. 
It may be possible, however, in the final conclusions, based on results obtained from com- 
plete experiments, that there may be some modifications. 


Mr. Joun Rew, Member:—In the case of the Mauretania, about a year after she came 
out, they changed from three-bladed to four-bladed screws, which greatly reduced the vibra- 
tion and changed the whole nature of the vibration. I used to go into the tunnel very 
often to see what was happening, and if you went close to one of the two aft screws you 
always found a curious action going on, especially in stormy weather, and that was the 
thrashing of the water against the ship’s side, abreast of the screw, seemed to grow. The 
screw would go around freely for a few revolutions, and then there would be a crash of 
water against the side of the ship that seemed to grow larger and larger and then stop. 
I think that was a matter of torsional vibration of the shaft, but do not know enough 
about the subject to go into it from a mathematical point of view. I know that the 
changing of the screw did make a tremendous difference. As to what it did with the speed, 
I think that was also improved. 


Tue CHAIRMAN :—The opinion of the Chair is that Mr. Reid has “hit the nail on the 
head,” and that ultimate results of investigation will indicate that it was mainly due to tor- 
sional vibration of the shafts; but I think it is wiser to have the complete results of the 
investigations recently undertaken and then members can draw their own conclusions. 


Mr. Francis B. Smitu, Member:—May I make another remark on the subject of 
vibrations. It may be of interest to some of you some time. We have had a couple of expe- 
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riences within the last few months where two of our steamers, of exactly the same size and 
the same engine power in each case, have broken off three propeller blades. They are single- 
screw, four blades to the screw. In the case of the first one they started up the engine and 
the vibration was so great that they worked the engine slowly and went back to port, about 
fifteen or twenty miles. They lay there until they got a diver to take off the balance of the 
blades and replace them with new ones, all of the blades being replaced. 

In the other case the boat was just leaving Escanaba and had not got out of the har- 
bor, when three blades broke off at once. Instead of stopping there they went on. The 
captain and the engineer decided that they could get along with one blade, which they did, 
and made almost as good time as they would have done with the four blades. (Applause. ) 
The boat runs at about eleven miles an hour, as a rule, and they averaged better than nine 
miles an hour all the way down, average run. After they got going, and after the boat got 
some headway, there was very little vibration with one blade. The boat ran very steadily so 
that even in shallow water—in crossing Lake St. Clair, where the water is very shallow—she 
did not vibrate at all. I presume the depth of water had something to do with it. When she 
first struck Lake Erie, with the water a little deeper, but not very deep, she did vibrate, and 
they slowed her up for about fifteen miles, and then opened her up and went ahead full 
speed, turning up faster than the usual turning. I thought the matter might be of interest. 


Mr. E_mer A. Sperry, Member:—That reminds me of the early history of the screw 
propellers. The screw went clear around the hub, and it was found, the more parts of this 
screw that were knocked off the propeller the better it became and the more speed could be 
made; but even though there was not much vibration experienced with the one screw under 
the conditions named, yet it practically left lagging pitch in the single blade, and that would 
give vibration. 

When the Lusitania was on her trial trip her stern shook so as to be uninhabitable. That 
was true to such an extent that one would think that the stern rose and fell a foot. Of course 
the Lusitania was the proudest ship of England at the time, and England’s great men were 
aboard on the trial trip in their dress suits each evening. When this vibration became 
apparent Sir William White used every possible means to get in touch with the great Dr. 
Schlick, of Hamburg, to come to the Lusitania with his pallograph and see if he could trace 
the source of the vibration. Dr. Schlick came, and I saw the doctor afterwards. He said it 
was the hardest work he ever did in his life. He had to appear at night in his dress suit. 
In a day and a half he had traced the vibration to one of the three propeller shafts. He 
had made a scratch line on the inside of the boat on one of the propeller shafts, and opposite 
that line, he told them, there was one wing of the three-bladed propeller that had two degrees 
leading pitch, and the vibration was due to this blade. They got the ship into the drydock 
and pumped it down so that they could expose that particular blade, then they put battens 
on, and the best they could determine was 1.8 degrees leading pitch, just as Dr. Schlick 
had said. They chipped it, and got it back into pitch equal to the other blades. At noon the 
next day they tested the ship again, and found that the vibration had totally disappeared. 
Sir William White told me that Dr. Schlick could have had anything in England after this 
achievement. 


THE CHAIRMAN :—Are there any further remarks on this paper, gentlemen? The fur- 
ther it goes, the better it gets. If there is no more discussion, we will call on Mr. Gate- 
wood to make such reply as he desires. 
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Mr. GATEWoop :—The basis of the paper is that, by changing the lading of the vessel 
as a beam, the period of vibration is automatically changed. Now, in the case of the vessel 
with which I had experience we were unable to change the loading of the vessel. So what 
we did was to change the revolution of the engine. The trouble was with the synchronism 
of the period of vibration of the vessel to the revolution of the engine, and it would seem 
very natural with these lake vessels, very long and comparatively shallow, that their condi- 
tion of lading should at times bring them into synchronism with the revolutions of the 
engine. But if propeller blades were broken off, so that the engine would run faster, that 
would also, it seems to me, account for the fact that the vibration would be thereby elim- 
inated and you would get out of touch with the natural period of the vessel. 

Of course the paper does not pretend to touch upon a great many things in connec- 
tion with vibration. It treats just one phase of the subject, that is, the vibration in the ver- 
tical plane of the whole vessel. It does not pretend to take into consideration local vibrations. 
I have not attempted to touch that part of the subject and have not the experience to pass 
on it. 

As to the question of modifying the vibration of a battleship by putting in water ballast, 
the effect of adding water ballast could probably be figured along the lines of the paper for 
the vibration of the whole vessel, but if the vibration is merely local, such as certainly occurs 
on a number of vessels (that is, you find it in one spot and you find it nowhere else in the 
vessel), nothing in the paper, it seems to me, would have any bearing on that phase of the 
subject. 

The measurement for determining the vibration on the vessel which the paper illustrates 
was very crude, because it was for the vibration of the whole vessel, but I believe it was 
fairly accurate. 

Those who have read the paper will notice that I adopted, for measuring the vibra- 
tion, the scheme of measuring the extension and compression occurring in the stringer plate 
on the shelter deck of the vessel. That is to say, the vessel was treated as a beam, and as the 
beam changed its load due to the vibration the top member of the beam or girder stretched 
and shortened, and measurements were taken over a length of 90 feet so as to enable them 
to be caught by the eye. While, as I say, the method is crude, it really is about as accurate 
as could be obtained for the particular kind of vibration. It gave a very good measure of 
the change of stresses in the ship, and I was able to count the number of vibrations by hand, 
just as you can count the revolutions of an engine, the vibrations being in the neighborhood 
of seventy-six. 

The vibration that is due to torsional vibration and irregularities of pitch of the pro- 
peller, it seems to me, would not cause the kind of vibration which is discussed in the paper. 
That is another phase of the subject which can very well be considered, if there is anyone 
here who has the means of presenting further data on the subject. 

I remarked in opening that the introduction of the turbine was expected to eliminate 
vibrations, and that there was some disappointment because such was not the case. I think, 
however, that the type of vibration which is caused by the turbine is not the type of vibration 
which had been caused by the reciprocating engine; that is, it is not the vibration of the 
whole vessel, but of a part of the vessel—local and not general. 


THE CHAIRMAN :—We will now proceed to the next paper, No. 9, entitled “Data on 
Hog and Sag of Merchant Vessels,” by Mr, T, M. Cornbrooks, Member. 
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Mr. CornsBrooxs :—This paper is simply an attempt to follow out the observations 
which were made some time ago on the naval colliers Orion, Jason and Neptune, and is 
really a supplement to the paper of Naval Constructor Smith in which he gave the result 
of experiments on those vessels. I do not know that there is anything very new in the 
paper, except that it rather fills out the previous paper and brings the data up to date. The 
principal object in writing it was in the hope that there would be some discussion from other 
yards, especially from the Lakes, in reference to the experience which has been had on these 
same lines. 


DATA ON HOG AND SAG OF MERCHANT VESSELS. 


By T. M. Cornsrooks, Esg., MEMBER. 


(Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


In a paper read before this Society in 1913, Naval Constructor S. F. Smith 
presented considerable data showing observations made on three navy colliers built 
by the Maryland Steel Company, to which was added the data of the two colliers 
built by the Newport News Company. 

Since that time two additional colliers have been constructed for the Panama 
Canal. These colliers are of the same general dimensions as the Orion and Jason, 
but of increased deadweight capacity. 

The Ulysses and Achilles, Panama colliers Nos. 1 and 2, are built from the 
same lines as the Orion and Jason, but to secure the necessary capacity for coal the 
machinery was moved aft 15 feet and the ’thwartship coal bunkers reduced 10 feet 
in length, making the holds 25 feet longer. The contract for these vessels re- 
quired that they should carry 12,000 tons of cargo, 1,200 tons of bunkers and 105 
tons of stores, feed water, crew and effects, on a draught of 28 feet 1 inch. Asa 
matter of fact they drew 27 feet 8 inches when loaded with the above deadweight. 

Following the methods used in securing the data on the previous colliers, we 
started by establishing a datum line by transit while the vessels were on the stocks 
and supplemented this by readings taken immediately after launch, when machinery 
was installed, when in dock, before loading and when fully loaded. 

These curves are shown on Plate 60. It will be noted that when fully 
loaded the Ulysses sagged 2% inches and the Achilles 275 inches from the original 
datum line, as compared with 37g inches on the Neptune, 2}2 inches on the Orion 
and 33%5 inches on the Nereus. The difference in the amount of sag between the 
Orion and Jason and Ulysses and Achilles can probably be accounted for by the 
better distribution of cargo. 

It will be noted that two curves are shown of the Achilles, of the ship com- 
pleted, 7. e., May 10 and 20; these observations were taken under the dates noted to 
determine the deflection while the forward oil tanks and double bottoms were filled 
with water as itemized, in preparing for a test of the oil pumping capacity. 

The results show considerable hogging effect when compared with the Ulysses 
when completed under date of March 15, which can be accounted for by the differ- 
ent conditions of tank loadings. 

In addition to the curves taken on the Orion and Jason, observations on the 
Achilles were taken, as shown by curves on Plate 61, for determining the deflection 
of the hull in way of the forward oil holds, when under hydrostatic test. 
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No. 1 starboard and No. 4 port holds were filled with water to the second deck 
with the pipe column to the upper deck 8 feet above. Measurements were taken be- 
fore, during and after tests at ten stations on the starboard side, spaced approxi- 
mately 1o feet each, starting 10 feet forward of forward bulkhead No. 112 of hold 
No. 1 and extending 30 feet aft of after bulkhead No. 106 of hold No. 4, the dis- 
tance between forward bulkhead of No. 1 hold and after bulkhead of No. 4 hold 
being 50 feet. With the exception of the three forward stations which were in 
the way of the planked-over portion of the building ways, a stake 3 inches square 
by 30 inches long was driven flush with the ground and a tack driven flush in the 
head of the stake and on the planking on the ways. A corresponding center punch 
mark was made on the hull above; the height at these points or stations was care- 
fully measured with the results herein noted. 

Provision for carrying the extra weight during the test was made by fitting 
(in the way of tested compartments) additional keel blocks adjacent to the regular 
ones; also additional shores between the regular shores. Extra cribbing was also 
provided under bottom between keel blocks and bilge shores. 

The total bearing of keel blocks, shores and extra cribbing amounted to ap- 
proximately 480 square feet. The weight of the ship for 50 feet at 12 tons per 
foot was estimated at 600 tons. The weight of water in No. 1 and No. 4 holds was 
estimated at 743 tons, this making a total of 1,343 tons, or a bearing pressure of 
2.8 tons per square foot. 

In checking the measurements during the test, with tanks filled, the following 
deflection was observed at the various stations (starting forward) under the dates 
noted :— 


Dec. 29, 1914 Jan. 4, 1915 
StationvNos hile el ahi od ou ctstunes svar avoce: alates vs" yy,” 
Statiom INO: B2Ms 2 esther seeders lteiaenees Sart 14" y" 
Sta tlOMeeN Oe 1-3) ney es antec Mh nai muerte oe ranaele 1" fs" 
Statione ING: 4 chi. Ais. seeuctrsth oan ne anaes ts” 3%” 
Statiom NOs Gr aki Psat suiteagcouar Sora: cama sale ts. ts 
Station MNO. plOri Hier sachet nteerare waine: ps” 7s” 
StatiomwINOs aye noten. et eietet tease es koa re ts" fs 
Station sNOMGSs cei) her nr temiremear serine iy" YR" 
Station ING: wolverine eeeh ne wiaiiers cecil tess qs” ts" 
Station INO. 1O) wel e eer ecient aetna 6, qs" fs” 


Check measurements were taken January 14, 1915, at the various stations after 
tanks were emptied, which showed the ship to have settled from the original meas- 
urements taken December 21, 1914, before tanks were filled, as follows :— 
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inches inches 
StatiomyNor igi vera cn phe: \% StationgNongOurnyte tesa os O 
Station Now p2imceiaere ws ts Stations Now w/a imcreescy rr 73 
Stationy No. 3c see veaene i. < 73 Station! None oscmice tara. < % 
Stations INO Pare le dn cere e's 3 Statione No: WOvasst peice: ps 
Station INOW G5 Woks ai iele ater fo) Stations NowmOst tsar ene tes 


The difference in the above measurements can be accounted for by the varia- 
tions in fitting packing, cribbing and shoring under the ship. It would be fair to 
assume that all the packing, cribbing and shores would not be wedged up or fitted 
uniformly to exactly the same reactive pressure and the ship when under test 
would naturally deflect the least where the reactive pressure was the greatest. This 
is evidenced by reference to the check measurements above, taken January 14, 1915, 
showing no permanent settlement at stations No. 5 and No. 6 and %-inch settle- 
ment at station No. 7, which can be accounted for as noted in the foregoing re- 
garding fitting of packing, etc. 

It was in way of stations 4, 5 and 6 that the extra cribbing was provided hav- 
ing a ground bearing area of 104 square feet. 

Allowance must also be made in a test of this character for initial settlement 
where a heavy load is applied. 

It would add considerable interest to the data given in Mr. Smith’s paper and 
this addition, if some of our Lake members could present data of their observations 
on the usual Lake type in the discussion. 

In a discussion before the Institution of Naval Architects in London on March 
24, 1915, Mr. French stated that some of the Lake vessels were sagged as much 
as 10 inches, which would appear to be excessive. 


DISCUSSION. 


THE CHAIRMAN :—The paper on “Data on Hog and Sag of Merchant Vessels,” by Mr. 
T. M. Cornbrooks, Member, is now open for discussion. 


Proressor H. A. Everett, Member:—I think with reference to papers of the character 
of those by Mr. Cornbrooks and Mr. Gatewood, that the value of such work largely lies in 
the possibility of tying in the theoretical calculations for deflections with the actually meas- 
ured deflections under conditions where the load is known, and in that connection we recently 
did some work, which, perhaps, will be of interest, on the large freight steamers Atlantic and 
Pacific, built at Fore River. These vessels were not quite as large as the one Mr. Cornbrooks 
speaks of, but I will give the dimensions later. In carrying out the work our primary object 
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was to measure the deflection under different conditions of load, then make the customary 
strength calculations, knowing the lines and the character of the loads, and see how they 
actually tallied with the computed deflections. 

Before starting the work it seemed that there might be a question of temperature affect- 
ing the problem, especially as our attention had been drawn to that fact by an earlier paper, 
which called attention to the noticeable change in form, due to variations in temperature, 
in torpedo boats. It was decided to investigate that first. The manner in which the inves- 
tigation was carried out was to take the vessel afloat, and to take continuous readings of 
deflection throughout the day, measuring the temperature of the water, the temperature of the 
deck, and measuring the deflections, in much the same manner as indicated by Mr. Corn- 
brooks. 

The boat on which we made these experiments was the Atlantic, and her dimensions 
were 388 feet between perpendiculars, beams 54 feet 4 inches, and mean draught 24 feet. 
She had a depth of 31 feet 3 inches. The general character of the boat you are perhaps 
familiar with. I will make a crude sketch of it here on the blackboard. 


BM #8 “7 #6 «45 #4 #30 #3 2 Transit 


Sketch showing Line of Sight + Stations. 


The machinery was aft (indicating on blackboard), having a large open space for cargo 
throughout the central part of the vessel; we had a transit set up on the forecastle and 
sighted to eight stations down through the entire hull structure. The transit was guarded 
to make sure we could recover our original position, and deflections were noted in this way. 

Experiments were made on two days and they were started very early in the morning. 
The work was in conjunction with some thesis work of Messrs. Bortner, Gordon and Ram- 
sey, who carried out the actual observations. They arrived shortly after three o’clock in 
the morning and took continuous observations for deflection throughout the entire day, at 
about half-hour intervals. The temperature of the water and temperature of the deck were 
obtained by means of small thermometers plastered on the deck and hung into the water 
alongside. I do not think we are interested in any other part than the maximum deflection, 
which occurred shortly aft of midships. 

If you will permit me to make this brief table, it will clearly show what occurred. 
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S. S. “Atlantic,” June 7, 1914. 


Time eas t, eee ee Time Breton t, eee tis 
4.30 a. m. .00 foot —9° F. | 10.30 a.m. .12 foot +39° F. 
5.30 .O1 —d | 11.30 .12 +38 
6.30 .02 +7 12.30 p.m. 13 +40 
1.30 .05 +21 1.30 14 +41 
8.30 05 +32 2.30 13 +34 
9.30 .09 +38 3.30 juli +33 
Ue | hh Rie cea eT 


Maximum deflection = 0.15 foot between 1.30 and 2.30 p. m 


It was a warm day—this was on the 7th of June—and the temperature difference between 
the water and the hull ranged from .9° F., when the hull structure was cooler than the water 
at 4.30 a.m., to plus 7° F. at 6.30 a.m.; at 8.30 a.m. it was up to 31° F., practically 32° F.; 
at 10.30 a.m. to 39°, at 12.30 p.m. it had gone to 40°, at 2.30 p.m. to 41°, and at 3.30 p.m. it 
had begun to drop off down to 33°. 

Now the deflection in hundredths of a foot, under these conditions, counting from the 
starting point as zero, and continually increasing to the maximum, had these values: The 
first two hours showed practically no change; at 8.30 a.m. it had gone up to .05 of a foot, 
at 10.30 a. m. it had gone .12 (this was plus), at 12.30 pm. to .13, at 2.30 it was .13, 
with a crest in between of .15, which is the interesting part, and at 4.30 it had dropped to .11. 

That was very interesting, and before we carried our final conclusions through it was 
obviously necessary to take account of deflections due to temperature difference. The result 
was that if we neglected temperature difference, when checking the theoretical deflection 
calculations with the observations, the results were erratic. If we took account of temper- 
ature conditions and corrected our observations (made for different conditions of loading 
and extending through a number of months), to reduce them to a standard temperature 
basis, we got a series of corrected deflections which tallied in with the theoretical results. 
That was interesting, and I think it was helpful. 

The point is: Here we have deflections due to temperature of .15 foot. That is some- 
thing over 15¢ inches or 134 inches, perhaps. We are dealing with total deflections in most 
cases of about 3 inches. I think that Mr. Cornbrooks’ deflections are of about that same 
order, and if we have the possibility of temperature variations injecting such a change as this 
in the observations of deflections, it would seem that it would be desirable to have them 
accounted for. 

I think it would be a great help to us and add to the value of the paper if Mr. Cornbrooks 
would include in his statement any temperature data which was available, and also the 
time interval which elapsed between the different observations, because from this table you 
will notice as soon as the temperature begins to drop the deflection also begins to decrease, 
but where the observations were taken at half-hourly periods it showed that the deflection 
did not drop until the temperature drop had taken place; that is, the deflection of the whole 
structure lagged behind the temperature change. 
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ProFessor W. SELKIRK OWEN, Member:—In connection with temperature deflection, I 
had occasion to notice the deflection in the collier Cyclops at Cramp’s. That, as we know, is 
a large single-deck vessel, and the upper deck, being unsheathed, is exposed to the temper- 
ature of the elements, etc. The way attention was first directed to it was when the vessel 
was fitting out and lying at the builder’s dock. It used to be the practice of the staff in 
the draughting office to go down and take readings of the draught to check up the weight 
going on board the vessel. We noticed there was an erratic variation from day to day in 
the mean draughts obtained from reading the draught marks on the ends of the vessel. 
The draughts were measured by a man in a boat alongside the ship. The water in the Dela- 
ware is never quiet; there are changes of density in the water, too, and tide and currents, 
etc., but even at that the indications were so erratic that it was thought the temperature 
might have something to do with it. Following several cool days in the summer we took 
draught readings on the ends of the vessel, and then in the middle of the afternoon, which 
seemed to be the hottest time of the day, we took similar readings again, and the mean 
draughts were decidedly different. Something was going on. The ship was being completed 
and without interfering with the work on deck we undertook to see if we could trace this 
variation, so we took about six stations along the length of the ship, and got the carpen- 
ters to measure down on the outside of the vessel from the deck line with battens while she 
was floating in the water and put draught works on the ship’s side. This was done on both 
sides of the ship. Draught readings on all these stations were measured at four o’clock one 
morning, following several cool days, and about two hours later on, but there was prac- 
tically no change. They were measured again at three o’clock of the sarne day, when it 
was quite hot, and we saw this tendency to hog the vessel, due to temperature, which indi- 
cated itself by an otherwise straight water line on the ship becoming a fair curve, with 
relation to the water surface. Of course our method was crude for actually measuring the 
points. It was clearly defined. It went to show that the tendency existed, and we laid down 
the curve, and there was a matter of 5 inches springing in the straight line of the ship. 
It was submitted to the naval constructor at the time, and he allowed 2 inches to be 
deducted from the mean draught of the ship obtained by readings from the ends of the 
vessel; thus the contractors were allowed that consideration for change of form due to 
temperature in making the weight of the vessel for their contract displacement. 


Mr. Etmer A. Sperry, Member:—There is evidence of lateral deflection, too, in cases 
of the sun on one side of the vessel and the other.side in the shade. We recently had an 
opportunity to determine that in a long base range finder, where our stations were 444 
feet apart and the vessel immersed and floating, and exposed all day on the south side. 
These stations were equipped with apparatus by which we could read to less than the half of 
1/1000 of a degree. We found the maximum deflection to be about .015 degree. This 
makes no difference with the range finder as it is provided against this contingency. But 
we see that there is a lateral deflection also due to temperature. 


CoMMANDER F. L. Sawyer, U.S. N. (Retired), Member :—It will be recalled that Naval 
Constructor Smith read a paper before the meeting of this Society in 1913 on the subject of 
the alterations in the deck lines of a collier after launching. In the discussion at that time 
one of our members, Mr. F. B. Smith, the chief engineer of the Pittsburgh Steamship Com- 
pany, related the difficulties which his company experienced in loading their large fleet of 
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ore carriers on the Great Lakes on account of the fact that alterations of draught occurred 
between Duluth or West Superior and the Sault Ste. Marie canal of as much as six or seven 
inches, so that it was necessary to allow for this change after loading in order to be able to 
pass through the canal, and invited suggestions from the Society for some remedy. Differ- 
ent methods of loading the various hatches had been tried without success. It occurred to 
me at that time that probably the extraordinary changes in draught could be accounted for by 
the changes in temperature, and the abnormal temperature differences between the keel and 
upper deck that exists in the season of open navigation on Lake Superior. It is generally 
known that the waters of Lake Superior are extremely cold even in summer. A long ore 
vessel passing down the lake from April to October would be in effect a box girder of some 
600 feet in length, about 32 feet in depth, with the lower member in a temperature of per- 
haps 40° F., and the upper member, especially when exposed to the rays of the sun, a great 
many degrees warmer. Applying the coefficient of expansion of steel to this girder, it was 
seen at once that a draught change due to hogging of half a foot or more could be easily 
accounted for. I suggested to Mr. Smith that a remedy ought to be found by playing the 
cold water of the lake over its deck and top sides of these ore vessels by using their deck 
hose a sufficient time before arriving at the canal. Mr. Smith now informs me that this 
simple remedy was applied and proved a cure for their trouble, and that they are able to 
load the ore carriers half a foot deeper in consequence. 

When the fact is considered that more than forty million tons of ore are now passed 
through this canal each season, an increase of even two to three per cent is a considerable 
item. 

It seems an opportune time to call attention to the considerable effects which may be 
produced in a ship’s structure by temperature differences in the hull, not only for commercial 
and navigational purposes, but possibly for its effect in gunnery. The salvos of a battleship 
are “bunched” only after the most accurate and delicate bore sighting and adjustment. Any 
warping in the hull thereafter would necessarily increase dispersion to some extent. Range 
finding would be affected from the same cause. 


Mr. Cornsrooxs :—The data which Professor Everett has given with reference to the 
Atlantic and Pacific are of considerable interest in connection with this paper, and I am sorry 
that we have omitted to give the temperature of the water and of the deck at the time 
these observations were taken. I will endeavor to secure these and add them. You will 
note, however, that on each curve the date on which it was taken is given. 

In the original paper by Constructor Smith we took some observations early in the 
morning (8.30 a.m.), and during the heat of the day (2.30 p.m.) on the Neptune, which 
showed, I think, about 7% inch difference, for somewhere near 7 degrees difference in the 
temperature. I am not sure of that difference in the temperature—that sounds like a rather 
big difference in temperature—but at that time we did not take any observation early in 
the morning or during the middle of the day. Those experiments were simply carried out 
in order that we might secure the benefit of any sag when it came to loading the vessel for 
a trial trip, and accomplished these results. 

I am sorry there are no data available for these long, shallow vessels which are used 
on the Lakes. If you will note in the last paragraph in the paper there is reference to a 
discussion before the Institution of Naval Architects in London this year, in which Mr. 
French said that some of the Lake vessels were sagged as much as ten inches, which would 


148 DATA ON HOG AND SAG OF MERCHANT VESSELS. 


appear to be excessive, to use his language. That remark went unchallenged in the meet-_ 
ing in London. It may be so, but it does not sound as though it is correct. 


Mr. Francis B. Smitu, Member:—I can say that is not correct. We found a differ- 
ence of about 6 inches on 600-foot steamers. As has been remarked, by turning on the hose, 
starting at Whitefish Point, about forty miles above the “Soo,” and keeping it on and 
cooling off the upper part of the vessel, the vessel would straighten out, so that when she 
got down to the “Soo” locks she went through all right. 


THE CHAIRMAN :—There might be some who would cavil at taking temperature obser- 
vations, and be disposed to be skeptical as to temperature having much practical influence; 
but after hearing the remarks of our friends from the Lakes, indicating that they can change 
the draught of a vessel as much as six inches by playing a hose on the deck and reducing the 
temperature, I think that practical men will admit that temperature differences are very 
important and that the figures relating thereto may be accepted as reliable. 


Mr. SmitH :—For fear the remark I made may give a wrong impression, I will say 
that starting out our vessels were loaded to the full capacity of the canal before they left, 
and when they got down to the locks they could not get through, because they were drawing 
about six inches more water forward and aft than when they left the head of the lake. By 
straightening them out, they were put back in position so that they could get through. 


Mr. Cornsrooks (Communicated) :—I transmit herewith the official weather bureau 
reports for the dates and times given, as suggested by Professor Everett :— 


No. 144. 

December 12-14, 12 M., 37° F., clear. 
2 P.M., 36° F., partly cloudy. 

March 15=15,5 3 P.M., 50° F., clear. 
April 6-15, 11 A.M., 63° F., cloudy. 
April OSS. al P.M., 79° F., clear. 

No. 145. 
February 6-15, 10 A.M., 35° F., cloudy. 
February 8-15, 9 A.M., 28° F., partly cloudy. 
May 10-15, 3.30 P.M., 68° F., clear. 
May 20-15, 3 P.M., 63° F., cloudy. 
June 1-15, 11 A.M., 66° F., partly cloudy. 
June 415, 3 P.M., 70° F., cloudy. 


THE CHAIRMAN :—I am sure the Society desires to express its appreciation to the author 
of this paper, Mr. Cornbrooks; and also to the author of the preceding paper, Mr. Gate- 
wood, for their most interesting and valuable contributions. 

We have now reached the end of our morning program, and we will adjourn until two 
o’clock this afternoon. 
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FOURTH SESSION. 


FriIpAY AFTERNOON, NOVEMBER 19, 1915. 


President Thompson called the meeting to order at 2.15 o'clock. 


THE PreEsIDENT:—The Council proposes to submit certain names for membership, and 
the Secretary will please read the names. 


SECRETARY Cox :—At a meeting of the Council held at the close of the morning session, 
the following candidates were passed upon and recommended for election as follows: 


For Members: 


Edwin C. Bennett, Naval Architect, Fore River Shipbuilding Corporation, Quincy, Mass. 
Frank W. Chambers, Superintending Engineer, Talbot Boiler Company, 120 Liberty 
Street, New York, N. Y. 


For Associates: 


William T. Sitt, Vice-President and Chief Engineer, General Erecting and Improve- 
ment Company, 9 East 40th Street, New York, N. Y. 

T. Arthur Frey, General Manager, General Erecting and Improvement Company, 9 East 
40th Street, New York, N. Y. Postoffice Address, 157 West 21st Street, New York, N. Y. 


For Juniors: 


Ralph M. Smith, Draughtsman, Electric Boat Company, New London, Conn. 

Felipe Altamiranos, Graduate, Marine Engineering School, The Chilean Navy, now 
senior student, University of Michigan, Ann Arbor, Mich. Postoffice Address, Box 166, Ann 
Arbor, Mich. 


THE PRESIDENT :—You have heard the names offered for election by the Council. As 
many as are in favor of the election of the gentlemen named, make it manifest by saying 
“Aye;” contrary-minded, “No.” It is a vote, and the gentlemen are elected. 

We will now proceed with the regular order of business, which is the presentation of 
paper No. 11, entitled, “The Application of Small Steam Turbines for Auxiliary Purposes 
on Board Ship,’ by Messrs. W. J. A. London and Frederick D. Herbert, Members. 


Mr. HerzBert :—In presenting this subject for your discussion, I will say that we have 
simply endeavored to give you a little of our own experience and endeavored to refer you 
to papers which have been read beforehand on relative subjects. There is nothing particu- 
larly new in the adoption of the turbine for generator work. There has been some develop- 
ment of the turbine for pumping work, but on force draft it is quite a new field, as a few 
years ago there were no fans applicable for direct connection that we knew of, and there 
our marine work has really made the first step in direct-connected force draft problems. 


THE APPLICATION OF SMALL STEAM TURBINES FOR AUXILIARY 
PURPOSES ON BOARD SHIP: 


By W. J. A. Lonpon, Esg., AND FREDERICK D, HERBERT, Esg., MEMBERS. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


INTRODUCTION. 


In the early stages of development of the land turbine the possibilities of the 
small turbine for auxiliary drive, etc., were almost entirely overlooked, due to the 
concentration of energy towards the perfecting of the larger machine. The small 
turbine, of course, had to come and is now a well-established, and in fact a standard, 
prime mover for the great majority of auxiliary apparatus. 

In marine work we have seen the gradual elimination of the reciprocating 
engine for practically all classes cf work by the turbine, land practice is repeating 
itself here, and the possibilities of a small turbine for auxiliaries on board ship 
are now demanding attention of all marine engineers. 

It is interesting to note in passing that while the small turbine is considered a 
comparatively new innovation here, the earliest turbines built by Sir Charles Par- 
sons were used for lighting purposes on board ship. In fact, the majority of the 
first machines built were used for this work. 

The small weight due to the high speed permissible in the generators at that 
time appealed to the Government and private shipbuilders alike, and having made 
such a good start it is rather surprising that this application did not become more 
universal. 

In a discussion on the Electrical Equipment of Ships before the I. E. E., April 
5, 1900, Mr. A. A. Campbell Swinton gives some interesting particulars regarding 
their early installations, as follows :— 


‘ck > * JT was perhaps the first to put turbines for electrical purposes on 
board a warship—in the case of the Blanca Encalada, which was sunk in the 
Chilian War. 

“During the period I was at Elswick we put a large number of turbines into 
warships, and they worked exceedingly successfully. After that the Admiralty 
adopted them, and in a conversation with Mr. Parsons, whose turbines they em- 
ployed, I asked him to what he attributed the fact that the Admiralty did not con- 
tinue to use them. We discussed the matter, and we agreed as to the reasons. First 
of all, steam turbines are not well suited for the small powers such as were then 
used in ships, as it is very difficult to make small turbines economical. When you 
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get to the larger sizes it is of course a different matter. Another thing was that, in 
those days at any rate, the electrical part of the equipment of a ship was a very 
small proportion of the whole, and it was difficult to get the engineers to take suffi- 
cient pains to learn the details of a new machine which they only considered a 
very small part of their business. Thirdly, in some cases, these turbines were placed 
transversely, across the ship, instead of being placed longitudinally, as they should 
have been. With turbines placed transversely, and running at very high speeds, 
there is a very heavy strain and danger of injury to the turbine, owing to gyro- 
scopic action when the ship rolls. * * *’ (See Journal Institute Electrical En- 
gineers (England), Vol. XXIX, p. 612.) 


Among the earlier ships fitted with turbo-generators were the Ear! Percy, 
City of Berlin (Atlantic liner) and several battleships of the Benbow type—all 
about the year 1888 (Plate 62). 

Among the earliest applications was the particularly interesting portable plant 
designed for operating the searchlight of ships passing through the Suez Canal, 
very few ships in those days being equipped with any electrical plant. 

The small high-speed turbo-generator made an ideal machine for this purpose 
and was installed in a cage or crate with a projector which was hoisted on board 
at one end of the canal and coupled up by a flexible steam hose on deck, and the 
whole apparatus removed at the other end of the canal. 

In 1894, the first turbine-driven forced-draft fan was installed on a yacht 
built by Ramage & Ferguson at Leith, and one or two sets were tried out on British 
torpedo-boat destroyers, but owing to the combination considered necessary at that 
time for high efficiency, namely, the high-speed turbine and screw type of fan, the 
noise of the fan made its universal application prohibitive. 


TURBO-GENERATING SETS. 


The turbo-generator has become practically the standard unit for electrical 
production in all navies and merchant marine, so that little need be said about this 
application at the present time. (Plates 63 to 72 inclusive show some character- 
istic types of modern turbo-generators for marine work.) It might be interesting, ~ 
however, in passing to quote the views of Mr. Horner in his paper before the recent 
International Convention at San Francisco:— 


“As will be noticed subsequently in small vessels and freight steamers, where 
the sets are of small capacity, say from 2 to 20 kilowatts, the prime mover is a re- 
ciprocating engine. This unit possesses distinct advantages of operation from the 
practical side, as such ships cannot carry an engineer expressly for the care of the 
generating plant (page 1521). 

“Sets to exhaust into feed-water heater, main or auxiliary condenser, or to 
the atmosphere. Condensing or non-condensing with approximately 8 to 10 inches 
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back pressure. It is probable, because they are usually exhausted into the feed-water 
heater for steam economy, that greater stress is not laid upon the efficiency of the 
prime-mover (page 1521). 

“Small direct-connected turbine generating sets have been employed on Shy 
board and in certain installations have given satisfaction,* but opinion among 
owners differ as to the advantages of the turbine over the reciprocating engine. 
Many marine engineers object to the high rotative speeds for direct-current gener- 
ators and the lack of economy unless a high vacuum can be provided. On the 
other hand, some engineers prefer the turbine drive because of the reduction of 
upkeep and ease of operation. 

“The use of reduction gears between the turbine and generator is now being 
suggested. In this set the water rate will doubtless be greatly reduced approxi- 
mately 10 per cent, and the speed of the generator can be brought down to reason- 
able limits with high speed on turbine. Although such sets have been installed, 
no service data are available for comparison or comment. These sets, however, 
have shown, as expected, a great reduction in weight and water rate” (page 1522). 


Mr. Horner is not an enthusiast for the turbine, but, as mentioned above, the 
increasing adoption of the turbo-generator in lieu of the reciprocating set would 
naturally indicate that the past performance of these machines is better than stated 
by Mr. Horner in the quotation in italics cited above, viz., “that in certain installa- 
tions have given satisfaction.” The really interesting phase of the small turbine 
situation today, however, is in the wider application of this machine. 


GENERAL APPLICATION. 


The small turbine is now successfully employed for the following purposes :— 
Generator sets. 

. Wireless sets. 

Forced draft blowers. 

. Circulating pumps. 

. Hot well pumps. 

. Ash ejectors. 

. Induced draft fans. 

. Ballast and service pumps. 
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Apart from generator sets the first serious application in the U. S. Navy of the 
small turbine was forced-draft sets on torpedo-boat destroyers. The great im- 
portance of the successful and continual operation of this apparatus, the serious 
losses that had been sustained by the breaking down of engine-driven fans on trial 
trips and in service, made the Government and shipbuilders seriously consider the 
possibilities of some other form of drive that would be more reliable. 

Motor drive was impracticable, and the steam turbine, therefore, presented the 
only feasible solution provided a machine could be designed giving a reasonable 
economy with a mechanical design that would insure absolute reliability. 

The next step, namely, economy, was easily demonstrated. A deputation con- 
sisting of Capt. C. W. Dyson, Rear-Admiral Little, Captain Higgins of the U. S. 
Navy Department, and representatives of practically all the shipyards visited the 
works of the Terry Steam Turbine Co. on June 15, 1909, and conducted exhaustive 
tests on a standard horizontal turbine with the same diameter of wheel that would 
be used for a vertical turbine of the same power (see Transactions American So- 
ciety Naval Engineers, Vol. XXIJ, No. 3, August I, 1909). 

The economy proved satisfactory. The next step was the satisfactory me- 
chanical design. 

The first design submitted to the Navy Department by the writers for a forced- 
draft unit was a horizontal turbine, geared to vertical fan shaft, thus permitting 
the use of standard type of turbine running at high speed with resulting good water 
rate. However, the Bureau preferred to sacrifice economy for reliability, and re- 
quested that the design be modified to a direct-connected vertical-shaft unit, thus 
cutting down the weight and removing possible trouble at the gear. 

This led to the design and adoption of the Terry type BV which for many 
years has been standard in the U. S. Navy (Plate 73). 

As in all other turbine development work since the very first the trouble 
was not at all serious as far as the turbine itself was concerned, but in the design 
of a satisfactory driven member. 

At the time of which we are writing, there was no fan developed for tur- 
bine speeds to give the required volume (23,000 cubic feet per minute) at the low 
head necessary of only 5 inches with an open type of fan, the cased type being 
prohibitive. Also, the screw type of fan could not be considered on account of 
the noise. Several fan-makers tackled the problem and did not appreciate what 
they were up against, and it is interesting to note the lack of knowledge that ex- 
isted in this branch of engineering at that time. The first fan was guaranteed 
on paper to run at 2,500 revolutions per minute and require a horse-power of 30. 
After several very disheartening attempts at procuring a reliable fan, a successful 
fan was finally built, but the speed had by this time been dropped to 1,700 and the 
horse-power had gone up to 60. 

The efficiency of the first fan was in the neighborhood of 25 per cent. By 
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careful study and experimental work by the fan-builders, this has been increased 
to 50 per cent at the present day. 

The main difficulties lay in the design of a low-head fan without casing. In 
other words, the old turbine propeller problem was again present. The fan, of 
course, had to be of the single-inlet type and the area of inlet large enough to 
pass the required volume of air with the pressure governing the tip speed, and in 
turn limiting the revolutions per minute of the turbine. 

One other great difficulty encountered in the early days was the true deter- 
mination of the performance of the fan. With the exception of Captain Taylor’s 
experiments and apparatus for testing fans standardized by him, little had been 
done in research work to determine the performance of fans of this kind. To 
carry out Taylor tests was an expensive operation at best, and the figures given 
by the fan-makers were more or less guesswork based on the more elementary ap- 
paratus necessary for cased fans, which (as has later been found out) was in no 
way applicable to the determination of the performance of open-type fans. 

The adoption of Terry-driven units for destroyers was about coincident with 
the use of fuel oil under the boilers, and the correct amount of air required for 
the oil fuel in torpedo-boat service had not as yet been definitely determined. 

Very careful tests were laid out and conducted by Mr. Charles F. Bailey, chief 
engineer of Newport News Shipbuilding & Dry Dock Co., on board the first vessel 
to be fitted with turbine blowers (the U. S. S. T. B. D. Roe), on April 14, 1910 
(Journal A. S. N. E., Vol. XXII, No. 2, May, 1910). On this test two fans de- 
livered 44,000 cubic feet of air per minute to one boiler room, at an average speed 
of 1,361 revolutions per minute and 3.25 inches static pressure in the fire-room. 
The fuel oil used per hour, 2,400 pounds; total water evaporated, 102,700 pounds 
per hour. 

Since that time the capacity and air pressure have gone up with the increased 
horse-power of the new destroyers, so now the standard for destroyers Nos. 69 
to 74 is 32,000 cubic feet per minute against 6 inches air pressure. This has been 
obtained without increasing the diameter of ventilators, but by improvement in 
turbine and fan efficiency, so that the total steam of the latest design is practically 
the same as required on the U.S. S. Roe. 

The high static pressure in the fire-room and greater capacity have increased 
the peripheral speed of the fan to such an extent that now the type of fan selected 
is in part determined not only by its efficiency but by the noise it makes, as ex- 
cessive noise, of course, is a tactical disadvantage to any destroyer. Furthermore, 
the first destroyers were fitted with mushroom-type ventilators, whereas the latest 
class has the cowl type, which forms a most excellent megaphone for projecting any 
fire-room noise. 

Again, as capacities have gone up, the weight of fan has increased, and it is 
now generally conceded that the increased duty on the bearings when the destroyer 
is in a seaway, due to the gyroscopic action of the turbine unit, makes it desirable 
to limit the speed of these forced-draft sets to about 1,600 revolutions per minute. 
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The type of fan has evolved from the original Sirocco to the cone type, and 
then back to the multiblade, with blades of such design as is found will result in 
quiet running. Whereas, originally on oil fuel for destroyer service, a ratio of 
225 cubic feet per pound of oil to be evaporated, was considered to be correct, now 
350 cubic feet per pound is standard. 

This takes care of a greater dilution, coefficient and smokeless burning of 
the oil as well as leakages. Smokeless operation is one of the principal points on 
torpedo-boat maneuvers, and in order to accomplish this in many ships an exces- 
sive amount of air is forced into the boiler rooms, even at a sacrifice of fuel econ- 
omy. Photographs of early destroyers taken on trial as compared with that of the 
Ericsson show a marked difference in this respect. 

Little authentic information could be obtained at first from fan-builders as 
to the absolute and true performance of the fans, and therefore there was nothing 
left to do but to run comparative tests. In September, 1911, three different types 
of fans were tested out on a comparative basis. These tests were fully described 
in the Journal of the American Society of Naval Engineers, Vol. XXIV, No. 4. 

As mentioned in the description of these tests, no attempt was made to deter- 
mine the true performance of the fans and only comparative results were looked 
for. Ina later number of the same journal these tests were severely criticised by 
Mr. Schmidt, but in the meanwhile, before the publication of Mr. Schmidt’s paper, 
further tests had been carried out on a modified box at the Terry plant and also 
very careful tests were carried out on board ship. These tests were very instruc- 
tive, and a brief description of the same is given in the appendix of this paper. 

The turbine-driven fan has proved so eminently satisfactory in destroyer work 
that the reciprocating engine is no longer considered. In all there are now forty- 
six oil-burning destroyers with turbine driven forced-draft fans, each with four 
complete units. Out of this number the Terry Company have supplied thirty- 
eight, and to date we have only a record of two actual repairs necessary to thd 
machines due to any defects whatever, not of course considering the wear and 
tear of bearings, etc. This successful application of the turbine fan to destroyers 
has resulted in an entire change of policy in battleship work and smaller boats, 
also in the mercantile marine. The motor-driven fan, so long considered the stand- 
ard for battleship work, is making way for the turbine blower. 

For battleship work the horizontal-turbine drive is now standard in the U. S. 
Navy, as replacing the motor-driven sets, because of its reliability, ease of control 
direct from the fire-room, and also that it is not dependent upon intermediary ma- 
chinery—electric generators. Plate 74 shows such a unit connected to a double- 
inlet fan. 

A higher efficiency can be maintained on the cased fan than on the open type, 
and also the double inlet can be used, thus obtaining higher speeds for correspond- 
ing static pressures as compared with the single-inlet open fan. 

Capacity and total steam curves of a recent unit of this type are given in 
Plate 75. Ata rating of 17,500 cubic feet per minute and 6 inches static pressure 
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the total steam consumed was 2,200 pounds per hour exhausting against 5 pounds 
back pressure at 1,550 revolutions per minute. 

Plates 75, 76 and 77 show typical types of forced-draft fans used by the Ger- 
man, British, and Greek navies respectively. 


PUMPS. 


The reliability demonstrated by six years of actual service with destroyer fans 
resulted in the Navy Department widening the application of the small turbine, 
and in 1911 specified turbine-driven centrifugal pumps on the battleship Arkansas. 
A serious proposition at first presented itself here on the grounds of economy 
owing to the slow speed necessary for the pump and the limitations of weight and 
diameter of turbine wheel. However, this individual turbine efficiency is not of 
such prime importance as would be at first imagined, and (as will be explained 
later) that while the turbine itself could not at first be called an efficient machine 
operating under the conditions at which it does, the effect of the poor efficiency 
when considered in conjunction with the whole performance of the ship is of little 
if any importance. 

For reasons that will be fully dealt with later and taken into consideration in 
conjunction with the reliability in service, it will be seen that the lack of unit ef- 
ficiency is of minor importance This is demonstrated by the fact that the latest 
boats have been or are being equipped with similar apparatus. 

The advantages of the turbine-driven boiler feed pump have long been well 
known to the marine profession, but certain difficulties in their installation pre- 
sented themselves, necessitating, as it was considered, special designs to suit ship- 
board requirements. This, together with the satisfactory service given by any 
good make of reciprocating pump, resulted in rather slow progress along these 
lines. 

However, in 1912, the Navy Department decided to run exhaustive tests on a 
unit specially designed for their work (Plate 78). The turbine was built by the 
Terry Steam Turbine Co., and the pump by the Worthington Company, and tests 
were conducted on this apparatus at Annapolis and reported in the November, 
1912, issue of the Journal of the A. S. Naval Engineers. Some interesting ex- 
tracts from the official report of these tests are given below:— 


“The fact that a turbine-driven centrifugal pump can be quickly started from 
a cold condition and put into service constitutes one of its advantages (p. 1226). 

“Pumping warm water there is little difference between the economy of this 
centrifugal pump and the simplex pump. For cold water up to 33 per cent of full 
load the simplex pump is more efficient. As the values quoted are based upon a 
careful regulation of the number of nozzles in use according to load, the com- 
parison will be less favorable to the centrifugal pump at light loads if such regula- 
tion is not carried out. On the other hand, the test of the simplex pump was con- 
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ducted under the most favorable circumstances as to the condition of the working 
parts of the simplex pump. 

“Reciprocating pumps decrease steadily in efficiency due to wear, while the 
centrifugal pump will probably change very little in this respect. Further, the 
centrifugal pump being of the experimental type, certain slight mechanical changes 
will doubtless improve its efficiency” (pp. 1227, 1228). 


The results of the tests carried out at Annapolis are shown in curves, 
Plate 80, compared with various tests on reciprocating types of pumps. These 
curves show up more favorably for the turbine-driven unit than would be inferred 
from the quotations in the report. 

That the tests were satisfactory, however, is demonstrated by the fact that 
turbine-driven boiler-feed pumps are now being built for installation, as follows :— 

One of the main advantages of the centrifugal boiler feed pumps is that they 
deliver a uniform pressure and volume at a given speed, eliminating entirely the 
vibration in the unit and piping caused by shock in reciprocating pumps. Further- 
more, the pressure being kept constant, a much lower margin of pressure difference 
between the pump pressure and boiler pressure is obtained than with reciprocating 
pumps. 

The ease with which a small turbine can be started up and the absence of 
danger due to water hammer have opened up a large field for the small turbine 
for ballast pumps on board passenger vessels. The necessity for making ship 
quickly on this type of boat is of the utmost importance. The ballast pumps on board 
the Hendrick Hudson were guaranteed to start from rest and be under full load in 30 
seconds. Actual tests showed that this duty could be accomplished inside of 20 sec- 
onds without danger to any part of the machine or piping. 

For boiler-feed pump purposes the advantage of regulating the operation of 
the pump by the pressure at the discharge has obvious advantages. The majority 
of pumps installed for boiler-feed purposes in central stations now are fitted with 
some type of pressure regulator with the main speed governor so adjusted that it 
acts merely as an emergency governor. Considerable saving in stzam consumption 
can be effected by the adoption of a pressure regulator, as will be seen by the curves 
shown in Plate 80 showing the effect of pressure regulation on the total water con- 
sumption. This is particularly applicable to marine work where tye demand on the 
boilers is a constantly varying quantity during maneuvers. 

In addition to the use of turbine-driven main condenser and lojler-feed pumps 
the small turbine is being quite generally used for driving auxjliary pumps on 
vessels of large power. In this class of work there is very little difference in the 
marine application from that of similar use on land. 

Turbine-driven ash-ejector pumps have been supplied many s‘hips by Stone of 
London for both merchant and war vessels, but in this country; as far as the 
writers know, the only turbine ash ejectors are on the older batt Jeships and two 
colliers. The turbine is eminently satisfactory in this service, ¢js steam can be 
turned on without warming up and full delivery head obtained alm ogt instantly. 
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Turbines can also be effectively used on bilge pumps. Other applications 
are for auxiliary condenser, sanitary service, fire and ballast pumps. Plate 81 
shows the latest design of three-bearing turbo circulating pump for destroyer 
work, and Plate 82 a special pumping unit for grading the banks of the Mississippi 
River. 
DETAIL DESIGN OF SMALL TURBINES. 


It is only natural to expect that small turbines as designed for land work 
need certain modifications to conform with marine practice. However, in the large 
majority of cases, as for instance where comparatively low speeds are required, 
practically no modifications, or at most very slight modifications, are required from 
standard stationary practice. 

For forced-draft blower sets on board torpedo-boat destroyersc a special ver- 
tical design of machine had to be developed for this work. The first design 
accepted by the Bureau, and which has been standard up to a year or two ago, con- 
sisted of a three-bearing unit, a steady bearing being considered necessary at the 
outboard end of the fan, or, in other words, secured to the intake duct. As this 
steady bearing could not conveniently be made integral with the main turbine 
frame and had to be supported from the light steel work composing the intake 
duct, a certain amount of difficulty was experienced in keeping this machine in line. 
This difficulty, however, has not been as serious as would be at first imagined, 
and some builders still favor this arrangement. In order to overcome this, how- 
ever, later designs have been fitted with only two bearings with a very stiff, hollow 
shaft eliminating the necessity for this outer bearing. 

For low and moderate speeds, such as that required for pumps, horizontal 
blower sets, etc., standard ring oil bearings have proven perfectly satisfactory. In 
land practic@\it is considered that for ring oil bearings a PV (pressure in pounds 
per square jnch times rubbing velocity in feet per second) of 450 or 500 is per- 
fectly. safe. In marine work, however, a considerably lower limit should be used, 
especially in small boats, owing to the rocking of the vessel and the uncertainty of 
a uniform supply of oil being delivered by the rings. It is therefore becoming 
universal practice to supply all such apparatus as generator sets with their own 
forced feed system. It is advisable to still retain the oil rings (in addition to pro- 
vision for forced! lubrication) for starting up and as a safeguard against accident 
to the oil pump. 

The glands or stuffing boxes of small turbines should be of such a type as to 
require absolutely no lubrication, in order to eliminate any necessity for oil or grease 
separation in thie feed-water heater. In all small turbine work the critical speed 
of the rotor should be well in excess of the maximum running speed. This point 
is of more than. particular importance in marine work where units are required 
to run through 2 large variation of speed. 


i 
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EFFICIENCY. 


As mentioned earlier in the paper regarding the poor unit economy of such 
apparatus as the Arkansas circulating pump, it must be borne in mind that when 
operating auxiliaries non-condensing and utilizing the exhaust steam either in 
the feed-water heater or in the low-pressure main turbine, a big sacrifice can be 
made in the auxiliary efficiency without materially affecting the over-all fuel con- 
sumption of the whole ship. When a small turbine operates with an efficiency of 
30 or 40 per cent you are only extracting this said 30 or 40 per cent from the 
steam. The consequence is, the remaining heat—namely, 70 and 60 per cent re- 
spectively—is not destroyed but can be utilized to good advantage elsewhere. 
Curves (Plate 84) show the heat extracted per pound of steam by an auxiliary 
turbine, and also show that a very big difference in steam consumption per horse- 
power is permissible without materially affecting the efficiency of the whole cycle. 

On curve, Plate 85, is plotted the quantity of auxiliary steam used at various 
speeds in percentage of the total. In the curve the 100 per cent speed represents 
the maximum speed on trial trips. 

It was interesting to note that, after plotting the curve, the percentage of aux- 
iliary steam could be closely approximated by the following formula :— 


100 — S$ 


1300 + as 


A= 


S 


where A = percentage of auxiliary steam to total steam and S = percentage of 
maximum speed of the boat. 

The following calculations will show the very small effect actually resulting 
in a marked improvement in the steam consumption of a piece of auxiliary appa- 
ratus. These calculations are not meant to be accepted as absolute figures, but 
will tend to serve the purpose intended, namely, to show that the unit of economy 
of the auxiliary apparatus is not of such vital importance as would be at first 
imagined. 

It has been necessary at the outset to make certain assumptions, and the type 
of apparatus used in the one instance is a direct-connected low-speed turbine circu- 
lating pump, the second case being a gear-driven unit. It has also been assumed 
that all the steam exhausting from the turbine can be returned to work in the feed- 
water heater. This, of course, is subject to criticism, but, as mentioned above, the 
figures are not intended to be absolute but merely an indication of the difference 
that is to be expected between a high-efficiency and a low-efficiency unit. 

One very strong point that this question brings out is the fact that it is not 
in the turbine itself where we must look for efficiency, but in the driven end of the 
apparatus. Within reasonable limits the efficiency of the turbine matters little in 
the over-all fuel cost, as the heat rejected can be turned to useful work, but in 
the driven member anything below Ioo per cent efficiency must be considered as a 
dead loss. 
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Direct connected. Geared. 
Pi ET OGSE-POWED. «< S.h cusses at orotate hetieraiam tes 347 340 
DB MINClenCy Tati)» ..j.cieiaee yee Emre eens « 0.25 47 
OR SP IMD i ads She a ROR eet meen ahd 1350 3620 
4. Ideal water rate (250— 10 Ibs.)........ 14.55 14.55 
5. Actual water rate (Ibs. per B. H. P. hr.).. 58.2 31 
6. Total'steam per hr: — (1)  (5):.--....- 20195.4. 10540 
7. Total heat per lb. at 250 lbs. pressure..... 1199.2 1199.2 
8. Heat in exhaust with 100% efficiency.... 1024.4 1024.4 
o- Available heat — (7) — (8) ........... 174.8 174.8 
TOs Actualieat ised — (Ope x (2) so cee 43-700 82.156 
11. Heat required per Ib. to be generated to run 
circulating pumps = (7) — (Head of 
quidiotexhaust)\)...1y--ee seer eae 991.2 991.2 
12. Total heat requisite to run circulating 
pumps; — (Gy <i(h) yee tere 2001 7680.48 10447248.0 
13. Total heat returned to system per Ib. steam 
== (7) — (10) 208-6) tate ers ate dee 946.9 908.444 
14. Total heat returned to heater = (6) X 
Gi) Eaves, a eet oe eae ae een ae 19123024.26 9575590.0 
15. Total heat chargeable to circulating pumps 
Sea RS) GEA ede artes eye ee ore 894656.22 871658.0 
16. Same as (15) for two turbines = (15) X 
Ba cba tevcdataile ic Chances saline Wi ahaiee es canis a elas 1789312.44 1743316.0 
17. Total steam required for remaining appa- 
ratus (lbsaperhr ics. aj aanen vette: 600000 600000 
18. Total heat required for remaining appa- 
ratus =——/CLZ <n (7) — Oe ene 677520000.0 677520000.0 
19. Saving by using gears (16 Col. 1) — (16 
CORD ia siete oh aed Ra ees Gh aaare a eee ye ts tote beats eee nee i 45996.44 
20. Total heat for all purposes = (18) + (16) 679309312.44 679263316.0 
ue (IQ) >< 100 
21. Per cent saving = QC eo es .00677 


To improve the unit efficiency of various parts of the apparatus, gears are 
being resorted to. 

Regarding the advantage of gear-driven auxiliaries, it is true the unit ef- 
ficiency is improved, and granted that remarkable developments have been made in 
recent years towards the production of a satisfactory gear, it is nevertheless a fact 
that the gear-box considered as a unit is another piece of apparatus to take care of, 
and the writers’ experience has been that this piece of apparatus is still far from per- 
fect. Of course there are good gears, but the successful operation apparently de- 
pends so much on perfect workmanship that there seems to exist a big element of 
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chance as to whether a gear will or will not be satisfactory, or, if initially satisfac- 
tory, will stay so. 

The noise created by an imperfect gear in the confined spaces on board ship 
must necessarily be more disagreeable than in a large power-house, and the above, 
taken into consideration with the really small saving in the over-all economy as 
pointed out later, leaves the writers very skeptical as to the net advantages. 

Two of the sister battleships now building, the Idaho and the Mississippi, 
are equipped with direct-connected and geared circulating pumps respectively, and 
some very interesting comparative results should be forthcoming. Also the com- 
parative cost of upkeep after twelve months of operation will undoubtediy throw 
very valuable light on this subject. 

Another innovation was made by Mr. Wetherbee, of the Bath Iron Works, to 
reduce the unit steam consumption on the blower turbines, viz., by arranging the 
turbine blowers so that they could be operated either singly or in parallel. For 
running at full speed the blowers are operated as single units, and at cruising 
speed they are operated in series. A very marked improvement in economy has re- 
sulted from this combination. 

One point it might be well to bring out here when considering the question of 
efficiency, and that is the ease at which the total steam passed by a turbine auxil- 
iary can be quickly and accurately measured without the aid of any measuring tanks, 
etc., and it appears to us that this should be extremely useful on trial trip work. 

Practically all small turbines expand the steam in the initial jets to a point 
below the critical velocity, so that Napier’s formula for the flow of steam through 
jets will give results as accurate and probably more so than any weighing or 
measuring method. All that is necessary is an accurate gauge placed right in the 
steam ring and a record taken of the dimensions of the throats of the jets. It will 
be found that all makers of small turbines are very particular about the design, 
shape and dimensions of the jets being made to accurate plug gauges so that the di- 
mensions of the jets can be relied upon with certainty. Napier’s formula reads:— 


a fA 
79 


where W = weight of steam per second. 
P = absolute pressure before the jets in pounds per square inch. 
A =the area of the jets in square inches. 

From actual experience it has been found that for the majority of small tur- 
bine work and the small jets that are necessary for the expansion of high-pressure 
steam, a coefficient of 72 is more accurate than 70, and this in turn simplifies the 
formula given for the flow of steam per hour as follows:— 


WW. = 50PA 


where W, in this case equals the pounds of steam per hour. 
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SUPERHEAT. 


The increasing use of superheat in power-houses has to a large extent been re- 
sponsible for the growing popularity of the small turbine for auxiliary drive with 
the attendant elimination of internal lubrication, etc., and the same advantages in 
favor of the turbine naturally present themselves in marine work with the ever- 
increasing operating temperature. 

A particularly interesting investigation was made some time ago by Captain 
Clarence A. Carr on “American Practice in Using Superheated Steam” (see Jour- 
nal), and the advantages of the turbine-driven auxiliary under high temperatures 
were repeatedly advocated by the different authorities quoted. 


CONCLUSION. 


In conclusion we would like to bring out the point that the successful applica- 
tion of the small turbine for marine work is due in a large extent to the coopera- 
tion and suggestions made by the Navy Department and marine engineers of long 
experience, and their cooperation and their lack of prejudice against anything new, 
so often experienced in land work, have made the present situation possible. 

The Navy Department has always listened to any suggestions regarding modi- 
fications of specifications which experience has found desirable in this class of work. 
The marine engineers and naval architects of the different shipyards have also 
added very materially to the development of this field by their valuable suggestions 
from time to time, and it is to these gentlemen we wish to extend our thanks as rep- 
resentatives of turbine manufacturers for the successful status of the present day 
of the small steam turbine in marine work. 


FOR AUXILIARY PURPOSES ON BOARD SHIP. 165 


APPENDIX. 


Further tests than those referred to in the text of the paper were carried out, 
both by a modified box method and an actual shipboard test on the U. S. torpedo- 
boat destroyer Terry, to eliminate the uncertainty of the previous box-method tests. 

Mr. Schmidt’s criticisms of the original tests (see Journal A. S. N. E., Vol. 
XXV, No. 1) were quite beside the point, as these tests were purely comparative, 
and as clearly stated in the report of these tests no attempt was made in view of 
the apparatus available to determine the actual delivery of the fans. 

In the test carried out on board the U. S. torpedo-boat destroyer Terry, the 
following method was employed. Air was measured on entering the fans, as the 
fire-room leakage prohibited any other means of accurately measuring the air. The 
inlet duct was increased to 12 feet above the normal inlet to the fan and was 41 
inches in diameter. In this inlet tube a standard Taylor pitot tube was located as 
shown. This tube was so arranged on a slide that readings could be taken at 
all points across the diameter. A manometer inclined at an angle of 15° giving a 
ratio of .2588 to I was used in measuring the ingoing air. 

Static pressure in the fire-room was measured by a vertical manometer of the 
usual type located in the fire-room, one end being connected to the outside atmos- 
phere. Temperatures were also recorded. 

The readings of the first tests were very unsteady. Adjustments made in the 
pitot-tube openings were without result. A slight wind varying in velocity and di- 
rection disturbed the readings. In the next test the pitot tube was secured by wire 
stays to prevent vibration, but no improvement was noticed. 

Plate 86 shows the irregularity of the readings taken, these readings being 
taken by moving the pitot tube to various positions across the diameter. Aver- 
aging up the results of these tests will give a velocity of 2,279 feet per minute, air 
temperature of 79° F., density .073, area of inlet tube 9.17 square feet, correspond- 
ing delivery 20,900 cubic feet per minute at constant 5-inch static pressure. 

Further tests were made by lowering the pitot tube to position B shown in 
Plate 87 (Exp. 1); also various devices were employed for preventing the tube from 
vibrating. 

Directly adjacent to the walls of the tube the manometer would steady itself. 
It was therefore considered that the inductive windage over the duct of the inlet 
tube was interfering considerably with the accuracy of the tests. 

A hood was next fitted, as shown in Plate 87 (Exp. 2), to increase air ve- 
locity, minimize wind effect and prevent eddy formation. Tabulation of the tests 
follows :— 
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Side distance from Velocity pressure on 
center. inclined manometer. 
B 19.25 1.45 
B 16 ee 
B 12 97 
B 8 1.00 
B 4 95 
Center Center 95 
A 4 95 
A 8 95 
A 12 Tp 
A 16 1.35 
A 19.25 1.62 


Mean capacity—20,230 cubic feet per minute. 


It will be noticed that readings were still unsteady, due, no doubt, to the sharp 
reversal over corner of intake. 

Taking advantage of the calm weather at this time, further tests were run to 
indicate if the absence of wind velocity affected results. They resulted as follows:— 


Nenial Actual 
Speed ah el Tempe Density Mee ears Velocity | C.F.M. “cod 
1900 2.2 .569 69.5 .0743 4020 9.17 3025 27750 27200 
1800 1.975 -511 69. .0744 4020 9.17 2870 26300 25800 
1700 1.68 435 68.5 .0745 4015 G)allve 2645 24250 23780 
1600 1.24 .321 68. .0745 4015 ails 2273 20840 20450 
1500 .795 . 206 67.5 .0746 4013 Oh ales 1820 16690 16350 
z| 


These tests, shown in Plate 88, were a decided improvement and check very 
closely with those made by the box method at the Terry Co.’s works, despite the 
difference in inlet-tube sizes and air temperatures. 

The diameter of inlet tube was next reduced, Plate 87 (Exp. 3), to further in- 
crease velocity and prevent eddy formation. These tests check up with reason- 
able accuracy with the results of the tests with the larger tube. Plate 86 shows the 
comparison obtained by the different methods and indicate that a coefficient of .759 
should have been used in the original box tests in place of .08. 

Checking up the results obtained by the quantity of air required for combus- 
tion, we get the following results :— 

Lieut. A. T. Church, U. S. Navy, gives some figures on the theoretical amount 
of air required for various oils with different percentages of CO. (Journal A. S. 
N. E., 1911, p. 795). We find that the quantity of air burned by the Warrington 
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was 16,579 pounds of fuel per hour with 12.5 per cent COz. This corresponds to 
20,000 cubic feet of air per minute entering each blower, so that it would appear 
that the figures obtained by the box method originally carried out, while intended to 
be purely comparative, were not so very far from being fairly accurate, and are 
certainly much nearer the mark than inferred by Mr. Schmidt, who figures only 
12,750, which would give about 23 per cent less air than actually required to sup- 
port combustion under the boilers. 
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EXPLANATION OF PLATES. 


Plate 62.—Early Parsons’ Double-Flow Turbine for Ship Lighting. About 
1887. 

Plate 63.—75 kw. Brown Boveri Lighting Set, Used in German and French 
Navies. 

Plate 64.—75 kw. Escher-Weiss (Zoelly type) Lighting Set Used in German 
and French Marine. 

Plate 65.—Mellons Pfenneiger German Naval Type of Lighting Set. 

Plate 66.—375 kw. Turbo-Generator Built by C. A. Parsons & Co. for R. M.S. 
Mauretania. 

Plate 67.—Terry Wireless Telegraph Set. 

Plate 68.—10 kw. Standard Terry Marine Lighting Set. 

Plate 69.—35 kw. Terry Marine Lighting Set. 

Plate 70.—Type GF Condensing Turbo-Generator Set. 

Plate 71.—Curtis Turbine Driving Worthington Pumps on the Fire Boat 
Deluge, City of Baltimore. 

Plate 72.—De Laval Marine Lighting Set. 

Plate 73.—Original 3-Bearing Vertical Terry Turbine, Swung Open. 

Plate 74.—Horizontal Marine Forced-draft Set. 

Plate 75.—Capacity and Total Steam Curves of Marine Forced Draft. 

Plate 76.—Forced-draft Set used in German Navy. Brown-Boveri Blowers. 

Plate 77,—Yarrow-Terry Forced-draft Set with Keith Fan. 

Plate 78.—Special Vertical Turbine Boiler Feed Pump for Marine Use. 

Plate 79.—Water-rate and Capacity Curves, Turbine-driven Pumping Sets. 

Plate 80.—Efficiency Curves on Turbine-driven Boiler Feed Pumps. 

Plate 81.—Condensing Circulating 3-Bearing Terry-Worthington Pumping 
Units. 

Plate 82.—Terry Turbine Pumping Set Mounted on Dredge for Use in Grad- 
ing Banks of the Mississippi River. 

Plate 83.—New Vertical 2-Bearing Terry Forced-Draft Set. 32,000 cubic 
feet per minute, 6 inches pressure. 

Plate 84.—Curves of Water Rates and Heat Extracted per Pound of Steam 
with Varying Efficient Ratios. 

Plate 85.—Curves Giving per Cent of Auxiliary to Total Steam. 

Plate 86.—Data of Velocity and Capacity Air Tests on U. S. S. Terry. 

Plate 87.—Methods of Testing a Fan on U.S. S. Terry. 

Plate 88.—Speed and Capacity Curves for same Fan Tested in Shop and Tested 
on Board Ship. 

Plate 89.—Comparison of Centrifugal and Reciprocating Boiler Feed Pumps. - 
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DISCUSSION. 


THE PRESIDENT :—This paper on “The Application of Small Steam Turbines for Aux- 
iliary Purposes on Board Ship” is now open for discussion. 


Mr. Francis B. Smiru, Member :—I would just like to make a few remarks about the 
practical end of the turbine pumping machinery. We have a number of them installed for 
handling water ballast, and we have found them very successful in regard to the capacity 
for speeds which can be attained by the machinery, but we had several accidents through the 
bursting of the turbine chest or cylinder. One of them was quite serious, as the engineer was 
permanently injured, and there were a good many opinions passed in regard to the cause of 
the wrecking of the machine. I went there and looked into the matter very carefully, and I 
was satisfied it was caused almost entirely, if not entirely, by the manner of the installa- 
tion. They had a very large exhaust pipe so as to have as little back pressure as possible, 
and that was connected in the same exhaust line with all the other auxiliary machines on the 
boat. The turbine was set down in the lower engine-room at the lowest point of the exhaust, 
and the lines leading forward, taking in our windlasses and mooring machines, as well as 
our dynamos and steering engines and everything of that kind, were all set at a higher 
point, and naturally drained back that way. The accidents all happened within a short time 
after the turbine had been put in operation. 

I was fully satisfied, after examining the wreck, that it was caused by the condensation 
in the exhaust lines being rushed back, where there was so little back pressure, into the tur- 
bine chamber, for I could see where the buckets had been driven over on the other side and 
had cut right into the body of the casing, so that I was very well satisfied it was the fault 
of the installation. Our service, outside of these wrecks, has been excellent with those instal- 
lations. 


Mr. Martin L. Katzenste1n, Member (Communicated) :—Of the various purposes 
for the application of steam turbines for auxiliary purposes on shipboard, I would discuss 
briefly some of the points brought up under the topic of turbine-driven pumps as compared 
with reciprocating types. : 

On pages 158 and 159 the authors refer to certain tests conducted at the Naval Academy 
to bring out the relative advantages of these types. On page 161 the statement appears that 
“within reasonable limits the efficiency of the turbine matters little in the overall fuel cost as 
the heat rejected can be turned to useful work, but in the driven member anything below 
100 per cent must be considered as a dead loss.” This same statement applies to any machine 
that is wasteful of steam. These statements require a little further explanation. Since the 
small turbines on shipboard must be used for driving something, their efficiency must nec- 
essarily be considered in combination with generator, fan, or pump. The efficiency of such 
turbines alone is not of prime importance, except as an engineering development. All rotary 
or centrifugal types, by virtue of their design, are inefficient. A low water rate per brake 
horse-power should not be considered alone. The overall duty in million foot-pounds of 
work delivered per thousand pounds of dry steam supplied should be the basis of comparison 
between the steam turbine-driven feed-pump and the direct-acting type. In this connection I 
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might say that figures which I have show interesting comparisons between the turbine-driven 
centrifugal boiler feed-pump and the direct-acting types, these of equal capacity. They show 
that, when correctly proportioned, the direct-acting pump is not only more economical but is 
financially the better investment. When the capacity grows excessive, however, the advan- 
tage of the centrifugal type becomes apparent. Two hundred and fifty thousand pounds of 
feed water per hour is as large a capacity as has been required in one unit for shipboard use 
at the present time, so far as I know, and this for reasons of fuel economy, due to the 
necessity of dividing the total feed water capacity between two or three units. I make these 
statements of these two types of pumps not in criticism of the steam turbine-driven set, as 
it has its proper place, but protest against the indiscriminate use of turbine-driven boiler 
feed-pumps where they have no place. Some steamship owners can testify to the poor 
results obtained by putting turbine-driven boiler feed-pumps in places where they do not 
belong. 

The statement concerning the tests at Annapolis, referred to in the sentence at top 
of page 169, is not correct, in that the test of the simplex pump was conducted under 
circumstances that were decidedly unfavorable. Therefore a comparison between the per- 
formance of that pump and the turbine-driven pump is hardly correct. If comparisons are 
made between these two types they should be based on the performance of the centrifugal 
pump referred to, as compared with the tests at Annapolis on a 24-inch stroke Blake recip- 
rocating pump. This Blake pump gave results in economy better than any of a similar type 
before or since tested, and showed that, despite the claim for better water rate per brake 
horse-power, the overall duty was in favor of the reciprocating machine. 

The water hammer in piping from direct-acting pumps can be eliminated if the piping 
and pumps are properly proportioned. 

I notice the authors refer in the paper only to turbine-driven feed pumps on U. S. naval 
vessels. I might add that the Oceanic Steamship Company vessels Sierra, Sonoma, Ven- 
tura, etc., as well as the Matson Navigation Company steamers and vessels of the Union Oil 
Company, are fitted with such pumps, those first mentioned above having been installed some 
years prior to their adoption by the Navy Department. 


Mr. Lonpon anp Mr. HERBERT (Communicated) :—Mr. Francis B. Smith refers to 
several accidents that have taken place due to bursting of turbine shell or cylinder, but we 
are glad to note that the accidents mentioned were almost entirely, if not entirely, attributed to 
the manner of installation and not in any way due to the design or type of machine employed. 
It is fair to assume that had reciprocating engines been employed under similar circum- 
stances the result would have been equally if not more serious. 

Mr. Martin L. Katzenstein raised some interesting points in connection with the compar- 
ative performances of centrifugal versus reciprocating pumps. Mr. Katzenstein takes excep- 
tion to our statement that “within reasonable limits the efficiency of the turbine matters little.” 
* * * But we think that he contradicts himself later on by stating that the efficiency of 
such turbines alone is not of prime importance except as an engineering development. We 
tried to show in our diagram, Plates 79 and 80, that a big variation in water rate was per- 
missible without materially affecting the overall efficiency. Then assuming that in some 
cases the reciprocating pump shows up a little better, the difference is hardly worth taking 
into account, especially when considered in conjunction with the many advantages of the 
centrifugal type as outlined in the paper. 
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We have analyzed our figures again to meet Mr. Katzenstein’s criticism and have plotted 
same on Plate 89, on the basis of pounds of steam per 1,000 pounds of water, which still 
shows the advantages on the side of the turbine pump with hot water. 

Referring to the third paragraph of Mr. Katzenstein’s discussion, he states that in the 
sentence on top of page 169, we are not correct inasmuch as a test of the simplex pump 
was conducted under circumstances that were decidedly unfavorable. We would like to 
quote from the official report of this test published in the Journal, which reads in part as 
follows :— 


“From 100 per cent to 133 per cent the centrifugal pump is more efficient. As the 
values in the last column are based upon a careful regulation of the number of nozzles in use 
according to the load, the comparison will be less favorable to the centrifugal pump at light 
loads if such regulation is not carried out. On the other hand, the test of the simplex pump 
was conducted under the most favorable circumstances as to the condition of working parts 
of the simplex pump. Reciprocating pumps decrease steadily in efficiency due to wear, while 
the centrifugal pump will probably change very little in this respect. Further, the centrif- 
ugal pump being of an experimental type, certain slight mechanical changes will doubtless 
improve its efficiency.” 


We regret that Mr. Katzenstein did not give us some particulars or figures of the test 
referred to of the Blake pump which gave such good results at Annapolis, as we are sure 
this would have made a very valuable contribution to the paper. 

We can hardly agree with Mr. Katzenstein in his statement that the water hammer in 
piping from direct-acting pumps can be eliminated. It is true that under ideal conditions 
this is possible, but wherever we have a reciprocating motion there is naturally a strong 
probability of this occurring, whereas with the centrifugal type the very principle of opera- 
tion eliminates the possibility of this occurring. 

We are very grateful to Mr. Katzenstein for his additional information regarding the 
installation of turbine-driven pumps on various commercial steamers. 


Mr. KaTZENSTEIN (Communicated) :—The report of the test of the 24-inch stroke Blake 
pump was not published in the Journal for the reason that we did not wish to have our com- 
petitors learn about the test or the economy obtained thereby. This pump has a new and pat- 
ented type of cut-off valve, and the results shown are very satisfactory. For further infor- 
mation, I would say, concerning the statement I made of the test run under unfavorable con- 
ditions, that this applied to the pump with which the authors made comparisons. This was 
an old Blake 10X7X12 pump which was loaned by us to the Engineering Experiment Sta- 
tion when they started. It had been lying about the place for several years when they sud- 
denly decided to make a test. They did not notify us, we had no one present, and the pump 
was not in especially good adjustment. However, when the 24-inch stroke pump Vas tested, 
we had a representative present to see that the pump was run under conditions that were the 
best possible with the facilities available. I will be glad to give the authors any informa- 
tion that they may desire in connection with this matter. 


THE PRESIDENT :—We must extend our thanks to Mr. Herbert, and to his associate, Mr. 
London, for their care and trouble in the preparation of this paper, and all the useful infor- 
mation it contains. 
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The next paper is No. 14, entitled, “Superheated Steam in Marine Practice,” by Mr. 
Henry B. Oatley, Member. 


Mr. Oatley presented the paper. At the conclusion of the paper, Mr. Oatley said :— 
“Since the paper has gone to the printers, I have received a copy of what I think is one 
of the most interesting papers recently presented. This was read on October 26, 1915, before 
the Institution of Engineers and Shipbuilders in Scotland by Mr. James Dornan, entitled, 
‘On Some Alternating Types of Propelling Machinery for a Steamer.’ I found it a most 
valuable paper, and that the writer of that paper has gone into many topics which are under 
very wide consideration at the present time. To anyone who is interested in the possibilities 
of superheated steam, that paper contains much of interest. 

“Plate 95 was not as complete as I would like to have had it, but some data recently re- 
ceived will be added and appear in the printed Transactions of the Society, which will make 
this list of further interest. Some owners are reluctant in making public their test results and 
this is to be regretted, as some very interesting data that I have cannot be given out for 
this reason. This morning, however, I received permission to refer to a test that has been 
made on a steamer operating out of New York Harbor. This is the Lehigh Valley’s tug 
Wyoming, and officials of the company stated that the economy shown in tests is ‘in excess 
of 15 per cent.’ The Wyoming has triple expansion engines, and it will be noted that the 
economy obtained checks very closely with the figures given in the paper.” 


SUPERHEATED STEAM IN MARINE PRACTICE. 
By Henry B. Oattey, Esg., MEMBER. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


INTRODUCTION. 


1. The purpose of this paper is to invite attention, in a general way, to the 
position now occupied by superheated steam in marine practice, and especially to 
the prominent place it now has in the minds of foreign shipowners and builders. 

2. Superheated steam, per se, will not be dwelt upon, as technical publications 
and society transactions during the last ten years have devoted considerable space 
to this phase of the subject. Brief mention later in the paper will be made of gen 
eral conditions of superheating in lines other than marine practice. 

3. Superheating is largely a question of degree or amount. For the purposes 
of this article the following divisions will be made:— 

Ist. Low superheat, zero to 50° F. 

2d. Moderate superheat, 50° to 125° F. 

3d. High superheat, 125° F. upwards. 

4. Low Degree Superheat, perhaps being the easiest to obtain, has, in many in- 
stances, been tried and found of some advantage. A common, and in some cases 
unintentional, development of low superheat has been by throttling or wire-draw- 
ing. A boiler pressure of 10 pounds or more above steam chest pressure permits, 
by wire-drawing through the throttle, a reduction in moisture, and, if the moisture 
is in small amounts, slightly superheated steam may actually be obtained; how- 
ever, if some distance exists between the throttle and the steam chest, radiation 
losses will cause a loss of a part, or all, of the superheat. 

5. Low degree superheaters are generally exposed to relatively low tempera- 
ture gases. In such cases a change in the gas temperature becomes a point more 
to be considered than where the gases are at high temperatures. The difference 
between the gas and the steam temperature is, of course, small and a reduction in gas 
temperature which might be occasioned—for example, opening the furnace door— 
would easily bring the gas temperature below the steam temperature. If such a 
condition existed, the superheater would become a condenser, 7. e., would give up 
heat to the gases. This should, of course, be guarded against. It should also be 
considered that, below certain temperatures, gases deposit soot in large quantities. 
This may be quite easily appreciated by those who have operated feed water heat- 
ers or “economizers,’ many being provided with tube-scraping arrangements, 
either manually or automatically operated, which are intended to remove accumu- 
lated soot, thus enabling the apparatus to be operated at its designed efficiency. 
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6. Moderate Superheat has, during the last twenty years, been more widely 
used. Superheaters developing between 50° and 125° of superheat have been con- 
structed in a multitude of ways, and have been operated with a greater or less 
degree of satisfaction, but, in marine service at least, have not obtained any uni- 
form degree of application. This is particularly true of fire-tube boilers, as com- 
pared with water-tube construction. 

7. High Degree Superheat, 1. e., above 125° F., has, during the past ten years, 
been meeting with pronounced favor in merchant service, as well as in naval con- 
struction. This statement is believed to apply much more to England and conti- 
nental countries than to the United States. 

8. Gray, in a paper presented before the Institution of Naval Architects on 
April 2, 1914, gives some very interesting figures as to steam temperatures. In 
the tests which he describes it was found that on a triple-expansion engine having 
180° of superheat in the high-pressure chest, 100° of superheat was carried 
through to the intermediate chest. This practically all disappeared before reach- 
ing the low-pressure chest. In another ship having quadruple engines a superheat 
above 210° F. was carried to the high-pressure chest. This was decreased to about 
125° of superheat in the first intermediate, and to just a trace, perhaps 10° F. of 
superheat, in the second intermediate, the low-pressure steam being very nearly 
dry. This point is considered of interest as showing that for triple and quadruple 
engines high superheat should be used if it is desired to obtain the large economies 
which are given in the tests reported within the past few years. 


SUPERHEATING DEVELOPMENT. 


g. To say that superheating is almost as old as the use of steam, and that it 
was from very early times known to be extremely efficient, is probably stating 
a platitude. Technical literature, in many branches of engineering, has referred 
at length to Watt, Hirn and others, who many years ago worked assiduously to 
find satisfactory methods by which they could obtain and utilize this desirable 
quality in steam. In 1859 the late Mr. John Penn* advocated strongly the use of 
superheaters and pointed out the advantages to be attained. In an article appear- 
ing in the Mechanics Magazine} some reference is made to difficulties experienced 
at that early date. It was not due to lack of knowledge, but rather to lack of suitable 
materials and also methods for manufacturing steam containers, in these early 
days, which prevented the widespread adoption of superheated steam. Watt had 
no steel mills and high-grade steel foundries from which to obtain the necessary 
plates, tubes, castings, etc., with which to build satisfactory superheating appa- 
ratus. These limitations prevailed, to a great extent, till within fifteen or twenty 
years of the present time and, naturally, retarded the growth of the superheater 


*Institution of Mechanical Engineers, 1859. 
tLondon, April 26, 1861. 
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and prevented the development of apparatus which could be cheaply constructed, 
efficiently operated, and easily maintained at a minimum of cost. 

to. Another factor, which should not be overlooked, was that engineering 
practice has been relatively crude in respect to the design of details which were 
in contact with the steam. Cylinders, liners, valves, etc., were in many in- 
stances of a quality of material which was not always entirely satisfactory even for 
saturated steam. These conditions led to improvement of details, not so much 
with the idea of adapting them to superheated steam as making them reliable 
under saturated steam operation. Many details, thus improved in the past twenty 
or twenty-five years, have been found entirely satisfactory for superheated steam. 
Other details have required, with the widespread use of highly superheated steam, 
still further improvement. It may be accepted that, at the present time in marine 
practice, satisfactory service can be obtained from existing designs of details when 
they are called upon to be in contact with superheated steam at temperatures up 
to 625° F. 

11. The present tendency with regard to superheating is towards an increas- 
ing amount. This is true not only in marine practice, but also in locomotive and 
stationary engineering. It may be a matter of some surprise, to marine engineers 
generally, to note what is actually being accomplished with the higher degrees 
of superheat. The last decade has witnessed a wonderful advance in the adoption 
of high degrees of superheat on locomotives. About 40,000 locomotives through- 
out the world, of which more than 13,500 are in the United States and Canada, 
are to-day operating with temperatures in the steam chest above 600° F. Some 
roads in this country are using 700° temperature, while in France a large number 
of engines are operating daily and with wonderful success, at temperatures be- 
tween 750° and 800° F. Stop a moment to consider what these temperatures really 
mean, especially in horizontal locomotive engines, as contrasted with the vertical 
marine engine. The cylinders in a great many of these engines range up to 28 
inches and 29 inches in diameter. They are horizontal engines, and run at piston 
speeds considerably in excess of those used in ordinary marine practice. Many of 
these locomotives operate at piston speeds of 1,500 feet per minute. That these lo- 
comotives are not small engines is proven by the daily operation on several different 
railroads in this country of engines in both passenger and freight service which 
have shown above 3,000 indicated horse-power. We must not feel, therefore, that 
the temperatures used on locomotives are in combination with small engines, for 
the modern locomotive in the United States has practically the same indicated 
horse-power as the average cargo-boat. In stationary practice the adoption of 
superheat has been very rapid, and a large number of plants in the United States 
are now in operation using at least 150° of superheat. In marine practice during 
the last fifteen years, over 1,200 ships have been fitted with superheaters, all using 
150° of superheat, and the majority of which are operating with practically 200° 
of superheat. It is not exaggeration to state that, at the present time, well over 
2,000 steamers are afloat using superheated steam, the majority of which are op- 
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erating with what we have classed as “high superheat.” In reality the adoption 
of superheated steam is world-wide, and is permeating nearly all branches of steam 
engineering. Marine engineers in the United States have recognized the advan- 
tages of superheated steam for both merchant and naval service, but the growth 
does not seem to have been as pronounced here as in European countries. There 
has probably been some good reason for the slower advance, and it would be of 
interest to determine the reason, or reasons, for this situation. 


AIM IN SUPERHEATER DESIGN. 


12. In the development of a superheating apparatus there are a number of 
points which should be ever present in the mind of the designer. It is believed 
that the following represent fundamental requirements: 

Ist. Efficiency. 

2d. Simplicity. 

3d. Accessibility. 

4th. Durability. 

13. Efficiency in design is basic. Upon this success or failure of any apparatus 
must be eventually determined, and without it a low-priced device is of no value. 
In a great many instances a high efficiency has been offset by one or more of the 
three points which will be discussed below. It is interesting in this connection to 
note :-— 


“For efficient superheating, the tubes should be small, or, if large, should be 
fitted either with cores to form a thin annulus of steam or with deflecting plates to 
rotate the steam and throw the heavier and colder particles against the hot tube.”* 


14. Another fundamental widely accepted by designers of superheaters is for 
a high velocity of steam past the superheating surface. Cathcart refers to this as 
follows :— 


“Rapid relative movement of the heat-delivering and heat-receiving surfaces 
increases the rate of heat-transfer, because this movement keeps the temperature 
difference at its maximum.” 


15. Simplicity is perhaps an easy problem. All superheaters are, in a sense, 
simple as compared with apparatus that has moving parts. Simple construction is 
directly of value, in that it generally prevents excessive cost. This latter may ap- 
pear either as first cost or installation cost. In either case it represents less money 
to be invested, and thought and study are required to make such investment a 
minimum. 

16. Accessibility demands all the ingenuity that the designer possesses. An 
efficient and simple apparatus would be discarded were it to be so inaccessible as 
to prevent inspection, renewal and repairs. 


*Cathcart, Journal of the American Society of Naval Engineers, August, 1915. 
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” 


17. Durability, which is, of course, another way of saying “long life,” is an- 
other basic requirement. Failure to provide this has caused the abandonment of 
a great number of superheater designs. The nature of the work the superheater 
has to do requires its parts to be subjected to varying temperature conditions, both 
from within and without. Action upon the material of the superheater, both from 
the products of combustion as well as from the steam, and, in some designs, from 
intermittent applications of water, has proven destructive. When we look back 
upon the various designs which have been brought out, it is evident that these con- 
ditions have not been fully appreciated by those who built such apparatus. 

18. Superheaters are subjected to relatively high gas temperatures, and any 
change in the heat-transferring ability of the superheating surface will be towards 
a reduction in its efficiency. This in turn will mean an increase in the 
temperature of the metal and consequent weakening. Tubes which are subjected 
to internal pressure are better able to resist deformation than those subjected to 
external pressure. In general, it may be said that all of the widely adopted and 
successfully used superheaters have had one point in common, viz., that super- 
heater pipes are subjected to internal pressure. This has appeared to be a start- 
ing point in the minds of all designers, probably from the standpoint of safety. 
Watkinson, in speaking of this condition, says:— 


“Attempts have frequently been made to make part of the boiler-heating sur- 
face serve for superheating the steam. In boilers of the Serpollet type this is done, 
and for motor car purposes, where minimum weight is one of the most important 
factors, this arrangement may be satisfactory. But, wherever this arrangement 
is used, some of the tubes or some parts of the tubes are alternately wet and red 
hot’ 


19. The modern tendency towards high degrees of superheat has, of course, 
meant subjecting superheating apparatus to higher gas temperatures. On first 
thought this would appear to aggravate destruction of the apparatus, as there are 
limiting temperatures above which oxidization of all usable materials would take 
place. Experience, however, has shown the builders how far they may go without 
harmful results, and progressive designers have taken full advantage of this 
knowledge. It is, of course, evident that, were many restrictions removed, dif- 
ferent materials could be used and some advantages obtained thereby. Practical 
considerations have required compactness in the apparatus, which undoubtedly adds 
some cost by making it advisable to use high-priced material. 

20. From information obtained it appears that a well-designed superheater, 
even one that is developing high degrees of superheat, has at least a life as long 
as that of the boiler tubes. Many instances have come to the attention of the writer 
where the life of some of these superheaters is above eight years, and in some 
cases twelve years, without repairs of any extent. It would seem not at all un- 


* Institution of Naval Architects. 
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reasonable to expect superheater equipment to have a life practically as great as 
the boiler itself. If this is obtainable, many of the objections to superheating 
should be removed. In many cases, even if the life of the equipment were less 
than eight years but where fuel economies of 10 per cent and upward are ob- 
tained, there would still be considerable on the credit side of the account. 

21. It would seem from the very rapid adoption of fire-tube superheaters that 
the designers and builders of this apparatus have definitely determined the funda- 
mentally correct basis for proportioning and fitting this apparatus. The cut-and-try 
method could not give the uniformly successful results which this design has 
given. It would seem that this type of apparatus, which has had world-wide success 
in locomotives, must be credited with flexibility and a basic law that makes it ef- 
ficient, through a wide range of loads. It seems quite probable to the writer that 
other designs are also capable of being proportioned on a scientifically correct 
basis, but that they have not had a sufficient amount of study put upon them, and 
that the lack of their general adoption is thus accounted for. 


SUPERHEATER DESIGN AND CONSTRUCTION. 


22. Superheaters may be broadly classified on the basis of their location as 
follows: 

Ist. Separately fired superheaters, 1.c., those subjected to gases coming from a 
source other than the furnaces of the main boilers. 

2d. Waste-gas superheaters, 7.e., those subjected to gases on their way from the 
boiler to the stack. 

3d. Live-gas superheaters, 1.e., those subjected to gases which have not left the 
main-boiler evaporating surface. 

23. The superheaters in each of the three classes above mentioned may be, and 
have been, constructed on one of the two structural methods: (a) Tubular; (b) 
Cellular. 

24. By tubular is meant a construction which requires the steam to pass 
through tubes for a greater part, or all, of its path during which heat is added. 

25. By cellular is meant a construction which requires the steam to pass 
through a chamber, usually of irregular shape, and to receive heat from gas 
flowing through tubes which pass through the steam chamber. 

26. In other words, with tubular construction steam is carried inside the tube, 
which is subject to bursting pressure, and with cellular construction gas is carried 
inside the tube, which is subject to collapsing pressure. 

27. To make these structural differences more clearly understood, it may be 
of interest here to devote some space to illustrating and describing a number of 
superheater designs which have been produced and to point out some of the char- 
acteristics of these designs, as well as their advantages and limitations. Among 
the early designers of superheaters, particularly for marine application, tributes 
should be paid to Partridge (1840?), Lamb (1858), Beardmore (1859), Boden and 
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Clark (1860), Butler (1860), Pullen, Cresswell and Longstaff (1860). The work 
which these men did, although preliminary, has been of inestimable value to those 
who have taken up the labor in more recent times. This series of illustrations 
should not be considered as complete, being intended rather to illustrate the 
growth towards greater structural value. By structural value is meant those fea- 
tures which require consideration before the adoption of any apparatus. Among 
these points are: 

Ist. First cost. 

2d. Installation cost. 

3d. Operating cost. 

4th. Maintenance cost. 

28. These four could be subdivided to quite an extent, but the writer believes 
it hardly necessary to consider these subdivisions in this paper. 

2g. In the first class (separately fired superheaters), we find that Schmidt, 
about 1896, built a number of tubular superheaters, and Watkinson, a few years 
later, constructed several different superheaters of this general type. Figure 1, 
Plate go, illustrates Watkinson’s tubular design, regarding which, in the paper re- 
ferred to, he says* :— 


“For marine, locomotive, and some other purposes, where the space available 
is very limited and where it is undesirable to have a large mass of brickwork, the 
arrangement of superheater shown is preferred. The tubes are of the inverted 
U form, and they are expanded into an annular tube plate P and this tube plate is 
bolted to the header H, which is either a steel casting or a forging. The steam 
enters the outer compartment of the header by the pipe S and leaves the inner com- 
partment of the header by the pipe S’. A light steel casting C surrounds the super- 
heater, and the products of combustion flow across the tubes, as indicated by the 
long arrows. The superheater is shown as arranged for the use of oil fuel, but 
it can be fired with any kind of fuel burned in an ordinary furnace or in a gas 
producer. An economizer of the air-heater type is shown at A and by means of 
this the efficiency of the plant is appreciably increased. The outside diameter of 
the casing for a superheater of this type for 150,000 pounds of steam per hour is 
about 11 feet.” 


30. Separately fired superheaters have their advocates and opponents. It is 
not difficult with such construction to divide the superheater into parts. This 
makes possible an “initial” superheater with one or more “intermediate” super- 
heaters. These intermediate superheaters may be termed “reheaters,” and there are 
certain advantages in superheating steam between the different cylinders. On the 
other hand, such a construction necessitates a very much longer path for the steam, 
which may result in greater losses in pressure than would be the case in a single 
high-degree, initial superheater. Separately fired superheaters, on shipboard, re- 


*Institution of Naval Architects, June 24, 1903. 
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quire space which can generally be otherwise used to advantage. Then, too, there 
are heat losses from this type of superheater, as it cannot use all the heat gen- 
erated in its furnace. 

31. Fig. 2, Plate 90, shows another form of separately fired tubular super- 
heater, in general resembling a torpedo-boat boiler. This was installed in a num- 
ber of ships, but the writer has been unable to find the date on which this design 
first appeared. It was described by Mr. A. F. White before the Institution of Naval 
Engineers on November 15, 1909. There can be no doubt as to this construction 
developing high degrees of superheat. 

32. Waste-gas superheaters have appeared in a large variety of forms. Per- 
haps the two most commonly known in connection with fire-tube boilers are the Wat- 
kinson and the Foster. Fig. 3, Plate 91, shows a design which was used some time 
before it was described by Professor Watkinson in his paper previously referred to. 

33. The Foster superheater, Figs. 4 and 5, Plate 91, basically resemble the 
Watkinson, in that it is a U-shaped pipe with separate saturated and superheated 
headers. It has been modified in its detail by the following :— 

ist. The introduction of a core, causing the stream to flow in a thin layer be- 
tween the core and the pipe. 

2d. The outer surface of the pipe is provided with corrugations, for the purpose 
of protecting the pipe against corrosion, and affording greater heat-absorbing 
surface. 

3d. Improvement in the means for attaching pipes to the header is provided in 
this design. 

34. It should be noted that the introduction of the core causes two changes in 
the steam section in each unit. It would appear that still further improvement is 
possible in this respect, by making the core continuous through the length of the 
element. 

35. Fig. 6, Plate 92, illustrates Watkinson’s waste-gas superheater of tubular 
construction. In this design, shown as applied to a single-ended Scotch boiler, part 
of the gases are conveyed through the back end to a chamber containing the super- 
heater units, and from this chamber passed to the stack. 

36. Fig. 7, Plate 93, shows the Lovekin “‘superheater boiler,” and is of the 
waste-gas, cellular construction. It is interesting to note some points of similarity ; 
between this and Fig. 6. Both by-pass the gases from the combustion chamber to 
the superheating surface, Watkinson building the superheater outside the boiler, 
while Lovekin builds the superheater in the form of boiler tubes which carry the 
gases and are surrounded by steam. Both forms of construction provide for shut- 
ting off the gases from the superheating surface, and consequently controlling the 
degree of superheat, if desired. 

37. Live-gas superheaters were first brought out by Schmidt in 1898, and are 
illustrated by Fig. 8, Plate 94. This particular design is termed the “fire-tube type,” 
as the superheater unit is introduced into the boiler tube. It is claimed that over 
a million and a half horse-power of marine engines are being supplied with highly 
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superheated steam from apparatus of this design. Considering the location of the 
units in this design, any desired degree of steam temperature could be obtained. 

38. Watkinson, about 1903, brought out a tubular live-gas superheater shown 
on Fig. 9, Plate 94. This is similar in most respects to the design shown on Fig. 
6, except that the gases, after leaving the superheater, pass to the combustion 
chamber, and from there through the boiler tubes. No provision is shown in this 
construction for shutting off the gases from the superheater or controlling them, 
but it is probable that a damper of some kind was provided. 

39. Another interesting design, brought out in 1906 by Pielock, is shown in 
Fig. 10, Plate 94. This construction is cellular, and consists of a box surrounding 
a majority, or all, of the boiler tubes, for a portion of their length. Steam is ad- 
mitted to, and taken out of, this box by suitably arranged pipes. The gases, flow- 
ing in the regular manner, impart heat to the steam while passing through that 
portion of the tube which is in the superheater chamber. It is understood that 
this construction was used by Pielock on locomotives for a time, but that this de- 
sign has been supplanted by the Schmidt fire-tube design. In the Pielock super- 
heater the steam loses part of its superheat in passing through the outlet pipe 
that is surrounded by water and saturated steam. While the heat lost by the super- 
heated steam goes, of course, into the saturated steam, yet it prevents the full de- 
gree of superheat which the apparatus would give, being obtained in the steam pipe 
outside the boiler. The lack of opportunity for inspection, and the difficulty of 
keeping the tubes tight where they pass through the wall of the superheater cham- 
ber, appear to offer objections to this construction. 

40. The Babcock & Wilcox superheater has been especially designed for, and 
applied to, many forms of water-tube boilers. Its construction is quite similar to the 
Watkinson and Foster designs shown in Figs. 3, 4 and 5, Plate 91, so far as its 
basic principles are concerned, and the writer assumes that it could, if desired, be ap- 
plied as a waste-gas superheater to fire-tube boilers. 


ENGINE CONDITIONS WITH SUPERHEATED STEAM. 


41. Reference was briefly made above to the handicap under which the older 
engineers labored in not having suitable materials for superheater construction. 
They had further obstacles to overcome in not having suitable designs of various 
engine parts. The following are details, aside from the superheater, which re- 
quire investigation if superheated steam is to be used:— 

Ist. Steam pipes, valves and fittings. 

2d. Steam chest valves. 

3d. Engine cylinders, liners, etc. 

4th. Piston rings. 

5th. Rod packings. 

6th. Cylinder ratios. 
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42. Steam Pipes, stop valves and fittings should contain no copper or brass. 
Many governmental regulations also prohibit cast iron and malleable iron. The 
rules of the United States Steamboat Inspection Service require steel, where “‘pres- 
sures of more than 300 pounds and a temperature of more than 425° F.” are used. 
This requirement is adhered to in the best practice, both here and abroad. Steam 
pipes and flanges should be well insulated. This is, of course, good practice 
whether the steam is saturated or superheated, but lack of such insulation, when 
an investment has been made in the superheater, is a cause of wastefulness that 
ought not to be tolerated. The main stop-valve should have a cast-steel body, and 
the valve spindle should be of steel. 

43. Steam Chest Valves on the High-Pressure Cylinder should be of the piston 
type with rings, wherever the degree of superheat is sufficient to eliminate all 
condensation through the first cylinder. Balanced slide valves on high-pressure 
chests have been, in some instances, satisfactorily operated, but, as a rule, if the 
temperature of the steam is 500° or more, piston valves are generally recommended. 
For the intermediate chest of triple and quadruple engines, or the low pressure of 
compounds, piston valves are desirable, but well-balanced slide valves, if properly 
provided with grooves for oil lubrication, have been successfully used. For the 
low-pressure chest of triple and quadruple engines, it would appear safe to use 
slide valves. The steam temperature, even with high initial superheat, to which 
the low-pressure valves will be exposed is but little, if any, above saturated steam 
operation. 

44. Engine Cylinders and Liners must be of first-class, close-grained cast iron, 
as hard as can be worked. Iron, as a material, for these details has been proven to be 
entirely suitable for high superheat. It is well known that cast iron does not lose 
strength,* but on the contrary the strength increases slightly when exposed to tem- 
peratures up to about 800° F. It is probable that under exceptionally high tempera- 
tures cast iron may “grow,” but, within the range of temperatures to which steam 
chests and cylinders are subjected with superheated steam, no appreciable change 
will be found. If this were really a serious matter the number of superheated steam 
marine plants would not be increasing at the present rate. No fear need be enter- 
tained, therefore, that there will be deterioration of these parts, due to steam tem- 
peratures up to 650° or 700°. That this is borne out by facts will be indicated by 
the satisfactory operation of steamships and locomotives using superheat in excess 
of 200°, as referred to above. In these instances, steam chests, cylinder bushings 
and cylinders are made of cast iron. Furthermore, in American locomotives, cast 
iron is almost exclusively used for the steam pipes leading from the superheater 
headers to the steam chest. This is standard practice on railroads, and no troubles 
of any consequence are found. Still more remarkable is the fact that the super- 
heater headers in practically all locomotives, where the fire-tube superheater is used, 
are of cast iron. A great many of these castings have been in continual service 
for over five years, and the percentage of failures is very small. 


*See Kent, p. 383 (5th edition). 
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45. Piston Rings (cylinder packing) should be of strong, hard cast iron. 
There are several designs of piston packing rings on the market which are re- 
ported as giving good satisfaction on marine engines using 200° of superheat. 
These designs are also applicable for valve rings. 

46. Rod Packings, for high-pressure piston and valves, as now arranged are 
durable and satisfactory. Trouble was hitherto experienced in obtaining the 
proper designs of rod-packing, but this is no longer the case. It is the author’s 
understanding that there is a growing tendency towards the use of soft cast iron 
instead of white metal in these rod packings, and it is claimed to meet all the re- 
quirements. If such is the case our ideas of this detail may have to be’ revised. 

47. Cylinder ratios to be suitable for use with highly superheated steam re- 
quire consideration, on account of the steam characteristics. The published dimen- 
sions of English and German superheated steamships show that a lower cylinder 
ratio is used. This is generally accomplished by increasing the diameter of the 
high-pressure cylinder, the intermediate and the low-pressure diameters, on a triple 
job, remaining as before. In quadruple engines, the high and first intermediate- 
pressure cylinders are increased in diameter, while no change is made in the sec- 
ond intermediate and low-pressure cylinders. In converting saturated engines to 
the use of superheated steam, an increase in the high-pressure cylinder diameter is 
not always advisable, and many times not possible. In such cases, if the same indi- 
cated horse-power is to be obtained, it is necessary to increase the cut-off in the 
high-pressure cylinder, thus giving an increased volume of steam at cut-off, and, 
in effect, decreasing the cylinder ratio. If the volume at cut-off is not increased the 
indicated horse-power will be slightly decreased, assuming, of course, that the 
boiler pressure is not changed. To explain the necessity for these modifications, 
it will only be necessary to point out that the expansion curve of superheated steam 
falls a little more rapidly than saturated steam, and, to make up for this, the volume 
of steam at cut-off, with say 200° of superheat, should be about Io per cent greater 
than the volume with saturated steam in order to get equal power. This does 
not mean, of course, that the same weight of steam is used per stroke after super- 
heating. It merely means that a Io per cent greater volume of steam, which weighs 
about 30 per cent less per unit of volume than saturated steam, is used. These figures 
will indicate that there is still a considerable margin for steam economy, although 
a greater volume of steam per stroke is taken. 


ENGINE OPERATION WITH SUPERHEATED STEAM. 


48. The operation of engines using superheated steam is but very little dif- 
ferent from saturated steam operation. The two chief points under this topic are 
as follows :— 

Ist. Starting up. 

2d. Lubrication. 
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49. In starting-up, particularly with new engines, or if new liners or rings 
have been applied, nearly all superheater manufacturers recommend that saturated 
steam be used for a short time. After the engines are well heated, the mixing-pipe 
valve may be partly closed and the temperature of the steam in the high-pressure 
chest gradually raised. When the vessel is on a run, some hours should elapse be- 
fore the full degree of superheat is used. In this way the wearing surfaces will 
have an opportunity of taking on a smooth finish and will afterwards work with- 
out difficulty. 

50. Lubrication is probably the most prominent point in mind when first con- 
sidering the use of superheated steam. In reality this need not cause apprehension. 
With low degrees of superheat, it is not always necessary to use any oil internally. 
This may be explained by the fact that the superheat is not sufficient to carry the 
steam through the high-pressure cylinder without condensation. Where condensa- 
tion occurs oil lubrication may not be necessary, and this is particularly true when 
low pressures are carried. Low superheat really does little more than eliminate 
part of the initial condensation. With moderate degrees of superheat opinions 
differ as to the necessity for the use of oil. Cases are on record where superheat 
of more than 100° has been successfully taken care of without internal oil lubri- 
cation. It seems probable, however, that in such cases heavy swabbing of rods was 
resorted to. When high degrees of superheat are considered, lubricating oil 
should certainly be applied internally. The quantity of oil needed to satisfactorily 
take care of 150 or more degrees of superheat is probably imagined as being 
greater than what is actually required. The average of a large number of boats 
using high degrees of superheat shows that very favorable results were obtained 
with about 0.3 gallon of oil per 1,000 horse-power per 24 hours. One case has been 
reported of a 2,800-horse-power ship that used but 20.5 gallons of oil on a 42-day 
voyage. This is just about 0.5 gallon per day, or 0.167 gallon per 1,000 horse- 
power per 24 hours. Gray in his paper* referred to above, speaking of the lubrica- 
tion required, says :— 


“On the Port Augusta, of 2,000 I. H. P., 1.5 gallons per day of cylinder oil 
were used at first for internal lubricating and swabbing of piston rods of both main 
and auxiliary engines; on the Port Lincoln and Port Macquarie, of 4,000 I. H. P., 
about 2 gallons per day, this being gradually reduced until now only 0.5 to 0.75 
gallon is required.” 


51. The keynote of the lubrication question with highly superheated steam is 
that a regular supply rather than a large quantity of oil is required. The oil fur- 
nishes the lubrication previously afforded by the water present in the saturated 
steam, but it does not follow that a regular supply of oil means a large quantity of 
oil. 


*Paper before Institution of Naval Architects. 
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52. Equipment to handle superheated-steam, some of which may not be con- 
sidered for saturated-steam installation, is confined to the following :— 

Ist. Lubricating-oil pump and pipes. 

ad. Filters. 

3d. Pyrometers. 

4th. Mixing pipes for leading saturated steam to main steam pipe and super- 
heated steam to auxiliary steam pipe. 

53. An oil pump, driven from some convenient part of the engine, is required 
to feed oil in a steady and regular manner. Inexpensive pumps are on the mar- 
ket, and are reported as being reliable in service. Many of them are so arranged 
that the oil container is not under pressure, thus permitting a renewal of the oil 
supply without trouble or danger. In modern practice, the oil is introduced into 
the steam pipe between the throttle valve and the engine. The delivery end of the 
oil pipe fitting extends into the steam pipe, so that the current of steam entrains 
the oil and it is atomized before reaching the wearing parts. This feature has 
been found very important. 

54. Filters are, of course, necessary where there is any possibility of oil being 
taken into the boilers. A large proportion of steamers using saturated steam in 
condensing engines are at present equipped with filters. It is believed that in a 
good many ships the filtering apparatus now installed, particularly with proper at- 
tention given to cleaning, is adequate to prevent oil reaching the boilers. A num- 
ber of recently built ships, using high superheat, have had two filters arranged in 
series, and reports from engineers on such boats indicate that oil does not get into 
the boilers so as to cause any damage or give trouble. No matter how good filters 
may be, they will not keep oil out of the boilers unless attended to. With a double 
filter installation, the first filter is generally inspected and cleaned about every two 
days while at sea. The second filter does not require attention oftener than about 
once a week. 

55. Pyrometers are desirable for measuring the temperature of the steam at 
various points. It appears, at the present time, common practice to have one py- 
rometer indicating the temperature of steam at the engine stop valve, also to have 
other pyrometers at points nearer the superheater for indicating the temperature of 
the steam where it leaves the superheating apparatus. A pyrometer to register the 
temperature of steam in the intermediate-pressure chest is also frequently applied. 
Various types of pyrometers which measure these temperatures accurately are 
available and are reliable instruments; the electric pyrometer, especially, appears 
to have been developed in a satisfactory manner for marine practice. The infor- 
mation given by the pyrometer is important, and makes it possible to determine :— 

ist. How far superheat is being carried through the engine. 

2d. Whether any boiler is being properly or improperly fired. 

3d. By showing a reduction in steam temperature, gives warning of an impend- 
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ing fall in boiler pressure; in other words, acts as a danger signal as regards 
pressures. 

50. A small diameter mixing pipe is generally provided, so that saturated 
steam can be taken from the boiler directly to the main steam pipe leading to the 
engines. The use of this pipe has been criticized in some quarters on the ground 
that the proportion of steam flowing through the pipe, if adjusted for a certain 
condition of maximum load, will, at other loads, permit a different quantity of 
steam to flow through the pipe, and the temperature of the engines will fluctuate. 
It is further contended that at light loads too much steam will pass through the 
mixing pipe, having a tendency to short circuit the superheater, in which case the 
superheater pipes may become overheated. Consideration should be given to these 
objections. The mixing pipe, if it can be properly applied, is of value and should 
not be condemned without careful study of its advantages. Probably its greatest 
use is that it permits of tempering the superheated steam at the engine within very 
narrow limits. 

57. Auxiliary Machinery may be more economically operated when super- 
heated steam is available. Pipes for accomplishing this may be arranged so that 
the desired amount of superheated steam can be led to the auxiliary steam line, the 
quantity depending on the kind of machines to be operated, the distance of these ma- 
chines from the mixing pipe, and the severity of weather. If auxiliary machinery 
is fitted for the full degree of superheat obtainable, maximum economies are, of 
course, possible. If the machines are not arranged for superheated steam, there 
is still opportunity of effecting considerable saving by feeding enough high-tem- 
perature steam into the auxiliary line, to carry practically dry or even slightly 
superheated steam up to the auxiliary engines. With long pipe lines leading, for 
instance, to steam winches operating in cold winter weather, the economy in steam 
which is obtainable will be very readily appreciated. Winches thus provided will 
use steam instead of a very high proportion of hot water. In fact, the percentage 
of economy, by using thoroughly dry steam, in auxiliary machinery will be greater 
than obtained on the main engines. In converting existing vessels to use super- 
heated steam, it is probable that the auxiliaries will not be capable of operating with 
more than a low superheat. New ships now being turned out are, in many cases, 
being provided with auxiliary machinery capable of operating with a considerable 
superheat. 

TURBINES USING SUPERHEATED STEAM. 


58. The combination of turbine engines and highly superheated steam should 
meet with much more favorable reception than has been accorded, until recently, 
to highly superheated steam in reciprocators. This may be attributed to the fact 
that internal lubrication, piston rings, valve rings, rod packings, filters, etc., do not 
require consideration, due, of course, to the character of the prime mover. It is 
understood that a large percentage of the turbine ships now under construction 
abroad are equipped for superheated steam. To the writer’s knowledge, there are 
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now building in England eight geared turbine ships ranging from 3,600 to 10,000 
shaft horse-power (averaging about 5,500), which are to be equipped with super- 
heaters. It is probable that the degree of superheat used will be from 125° up- 
ward. Geared turbine installations with superheated steam are receiving consid- 
erable attention in the United States. There are a number of specifications now out 
which provide for this combination. It is probably true that some designs of tur- 
bine may not be able to use as high a degree of superheat as others, due to condi- 
tions of design and construction. Thousands of horse-power of turbines in shore 
installations are operating with moderate and high degrees of superheat, without 
any trouble. 
DIFFICULTIES TO BE OVERCOME. 


59. Difficulties have existed chiefly as regards :— 

tst. Lubrication. 

2d. Filtering. 

3d. Superheater design. 

4th. Superheater maintenance and repairs. 

5th. Engine performance. 

60. That these difficulties have been overcome is evidenced by the increasing 
interest in superheaters by shipowners and builders. These points have been dwelt 
upon quite fully in the preceding paragraphs of this paper. 

61. With the wider use of turbines as mentioned elsewhere in this paper, the 
use of superheated steam will receive added impetus. This may be taken as an in- 
dication that the superheating apparatus has been developed to a commercially at- 
tractive standpoint. 

62. There can be no question but what the earlier difficulties encountered with 
superheated steam have remained vividly in the minds of a great many marine en- 
gineers and some shipowners. It should not, however, be accepted that these dif- 
ficulties necessarily exist today; at least the progressive engineer should inquire as 
to whether it is now possible for him to make use of highly superheated steam satis- 
factorily and avoid, without radical change in design, the troubles which were 
earlier experienced. Marine engineers, like those in other branches of engineering, 
are not in all cases inclined to take this point of view. Some find it easier to dis- 
miss the subject with the thought that insurmountable difficulties are bound to 
come up and that it is easier “to let the other fellows do the experimenting.” Such 
a position in this matter is that “any economy will be to the owner’s benefit, but any 
trouble from the apparatus will be to the engineer’s discredit.” The attitude thus 
expressed is greatly to be regretted, as it indicates that such a one is inclined to 
believe that progress has reached its highest point, and that from now on we can 
expect little in the line of added efficiency and economy. The writer believes, 
however, that men holding this point of view are less frequently met with than 
formerly, and that the superintending engineer of today is becoming very open- 
minded in problems which mean for advance in marine engineering. 
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63. What will be the advantage, and what has the shipowner to find of in- 
terest and value, by installing superheaters? Briefly they appear to be:— 

Ist. Fuel economy. 

2d. Water economy. 

3d. Reduced valve leakage. 

4th. Increased boiler capacity. 

5th. Increased revenue cargo space. 

64. Fuel economy cannot be any less important in the future than it is to-day. 
If any change in fuel costs takes place, they will go up rather than down, and, as 
they increase, the question of fuel saving will become more pressing. With the 
use of reciprocating engines, superheating presents practically the only source of 
further pronounced economies that is left to the engine designer. 

65. Plate 95 shows, in tabular form, all of the tests which the writer has 
been able to find. We hear railroad men talking eloquently and continually of 
fuel economies of 25 per cent, 30 per cent, and in some cases 35 per cent. To ex- 
pect these in marine practice is, of course, out of the question. The marine engine 
as it stands to-day is a much more efficient and economical plant than the railway 
man has had available. Superheating, therefore, has permitted a higher percentage 
of economy on the railways than is possible in marine practice. It may, however, 
be concluded that, assuming 150° of superheat at the high-pressure chest, the follow- 
ing fuel economies may be confidently expected in average practice :— 

Compound engines, 18 per cent. 

Triple expansion engines, 15 per cent. 

Quadruple expansion engines, 8 per cent. 

66. Many of the tests shown on Plate 95 are in excess of the figures just 
quoted. In well-designed and well-built plants operating efficiently with saturated 
steam, these large economies may not always be obtained. 

67. Water economy is obtained wherever we get fuel economy. In percentage, 
the economy in steam will be greater than in fuel. An 8 per cent fuel economy by 
superheating gives 10 per cent and upward of steam economy. It will be readily 
appreciated that an economy of steam of this amount is directly of advantage in 
reducing :— 

1st. Boiler maintenance, as the quantity of water to be evaporated is decreased. 

2d. Work demanded of the evaporators. 

3d. Work required of feed water pumps and condensers. 

68. These, directly and indirectly, are advantages that should be taken into 
account. 

69. Leakage past piston and valve rings is a great source of loss. It has been 
demonstrated that water leaks more readily than steam, and that the heat loss is 
greater. This accounts, in part, for a greater water than fuel economy in using 
superheated steam. Professor Perry says:— 


SUPERHEATED STEAM IN MARINE PRACTICE. 189 


“Tt is to be remembered that it is the existence of water round the piston and 
valves that enables leakage to be fifty times as great as if there was no water.” 


70. Callendar and Nicholson, in describing their well-known experiments, say 
that “hot water leaks through a crack and past valves and piston with far greater 
facility than does steam.” 

71. Boiler capacity as an asset is real, but rather difficult to express in figures. 
This may, in the minds of some, not be of particular moment. What is meant by 
boiler capacity in this sense is that, assuming a given power with saturated steam 
and we applied a superheater, the same indicated horse-power is obtainable with, 
say, 8 per cent less fuel and 10 per cent less steam. If, for any reason, it was de- 
sired to force the boilers and engines, and to burn the same amount of fuel as with 
the saturated steam, the output measured by engine horse-power will be increased 
more than 10 per cent. Of course all ships may not have engines capable of de- 
veloping this increased output on demand, but a great many do. For ships which 
‘have boilers relatively small in comparison with the engines, there appear to be 
great possibilities in fitting them with superheaters. 

72. Greater revenue cargo is obtained by virtue of the fact that decreased 
tonnage of bunker coal is required for a given voyage. The saving in dead cargo 
can be converted to paying cargo. The added income from this source should be 
considered in connection with the possible use of superheated steam. 


SUMMARY AND OUTLOOK FOR SUPERHEATED STEAM. 


73. It is the writer’s opinion that the situation, as regards superheaters and 
the use of highly superheated steam, may be summed up by stating that designs 
suitable from the standpoint of efficiency, simplicity, accessibility and durability 
are available for shipowners. Also that the difficulties which discouraged the 
earlier designers have been overcome as regards detail designs and operating con- 
ditions, and, therefore, the installation, operation and maintenance of high-degree 
superheaters appears to be not only possible, but practical and beneficial. Gray, in 
his paper several times previously mentioned, states the following :— 


“The number of steamers fitted with superheaters during recent years is an 
indication of successful working under superheat conditions. The following fig- 
ures, though far from being a complete record, are worthy of note and considera- 
tion :— 


No. of 

steamers Total I. H. P. 
Schmidt’s superheaters ......... wo42) Cylindrical boilers 220... .¢. 1,322,092 
MIS y ease er setae eyes ere ace ence! 20) Cylindrical boilers)... 24... eee 
VAG OW. a esse Hee tne Nic sesoereiey ay aan T3 Water tubetboilers: saci aee 261,000 
Babcock & Wilcox superheaters. . 29) Water tubesboilers®: 7.0... 316,075 


Thornycroft superheaters ...... Bean atenstlbeuboilensins we 2.0 60,000 
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74. In this it will be noted that he credits the Schmidt superheater as being 
applied to slightly over 1,000 vessels, but recent information show over 1,200 
steamers at present equipped, and that they total approximately 1,800,000 horse- 
power. Furthermore, the Foster superheater has been, according to information 
received, applied to 6 ships which have an aggregate of about 16,000 horse-power. 
It is believed that the figures given above, when supplemented by other installations, 
will give a total of over 1,500 ships using superheated steam, aggregating indicated 
horse-power of 2,300,000. 

75. Is it then too much to expect that the American merchant marine will, in 
the next few years, very actively take up the question of superheating steam? And 
is it not reasonable to expect that a few years will find us comparatively abreast 
of English and continental shipbuilders in regard to this very important means of 
reducing operating expenses. 

76. In closing, the writer wishes to make acknowledgment to Prof. W. H. 
Watkinson’s and Mr. Harry Gray’s papers before the Institution of Naval Archi- 
tects, dealing with this general subject. 

77. Attached, as an appendix, is a bibliography of articles relating to marine 
superheaters and closely allied topics which will be of reference interest. 
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DISCUSSION. 


THE PrestpDENT:—Discussion is now in order on this paper, entitled “Superheated 
Steam in Marine Practice,” by Mr. Oatley. I understand that Mr. E. H. Peabody, Member 
of the Society, has a written discussion by Mr. Walter M. McFarland that he wishes to 
present. 


Mr. Water M. McFaruanp, Vice-President (Communicated) :—I have read Mr. 
Oatley’s paper with much pleasure, and desire to thank him for the pleasant references to 
the work done in superheating by my company, The Babcock & Wilcox Company. The 
table on Plate 95 would appear to show that the first published results in almost forty years 
were based on the performance of Babcock & Wilcox boilers and superheaters. 

This, however, is not quite correct, and it leads me to express regret that in paragraph 
9 on page 174, where Mr. Oatley gives the names of some of the leaders in marine engineer- 
ing who have experimented with superheaters, he omits one who certainly did as much as 
any of those men, and who in a paper before an American society should not be omitted. I 
mean, of course, our great engineer Isherwood, who passed away only this last summer. 

In his famous work entitled “Experimental Researches in Steam Engineering,” and 
published in two volumes in 1863 and 1865, there are records of at least five elaborate tests 
of superheating, which were conducted with his usual care and extent. By the latter I mean 
that the individual tests lasted for seventy-two hours each. In the case of the steamer Eutaw, 
tested at the Washington Navy Yard in 1863, there were fifteen of these separate tests at 
different points of cut-off, using saturated steam and superheated steam, and the test at 
each point of cut-off and each condition of steam lasted seventy-two hours. 

It may be of interest to note here that the Eutaw had separately fired superheaters, so 
that it was possible to vary the degree of superheat with other conditions remaining the 
same. In these tests, where the steam pressure was about 26 pounds, with the temperature 
for saturated steam about 270° F., the superheat varied in the different experiments from 
87° F. to 125° F. The maximum economy shown in the experiments as due to superheat- 
ing was about 23 per cent of the saturated steam per horse-power. 

It may be of interest also to record here that the famous steamer Wampanoag, and 
her equally successful sister, though not so well known, the Ammonoosuc, were equipped 
with superheating boilers. This is clearly shown in the cut opposite page 566 of Bennett’s 
“Steam Navy of the United States.” These vessels were tried in 1868, during Isherwood’s 
last year as engineer-in-chief of the navy. I mention these last to show that Isherwood’s 
earlier experiments had so well satisfied him of the value of superheat that, in the greatest 
successes of his official career as engineer-in-chief, he continued to use it. 

The query naturally arises why superheat should have been so abandoned for more than 
thirty years, when the knowledge of its benefits was so well known. I cannot agree entirely 
with Mr Oatley that this was due to the inferiority in materials and workmanship as com- 
pared with existing conditions, although present conditions are, of course, a decided im- 
provement. It seems to me that the reason is right at hand when we remember that just 
about this time (1865-1870) the compound engine began to be used extensively, with the 
accompanying great increase in fuel economy. As just stated, the experiments on the Eutaw 
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had shown an economy of nearly 25 per cent, but the earlier economies with the compound 
engine were fully as much as this, if not more. 

As soon as the compound engine had shown its superiority with steam of moderate 
pressures (say, 60 to 70 pounds), pressures were gradually increased until compound engines 
were working with pressures as high as 120 pounds. Then came the triple expansion engine, 
with a further decided gain in economy, and with gradually increasing pressure. When 
steam pressures had risen to about the limit for cylindrical boilers, it was natural that 
designing engineers who sought for greater economy should remember superheat, and begin 
to experiment with it again. 

I am sure that we all feel indebted to Mr. Oatley for the practical discussion of the 
question which he has given, and we must remember that he distinctly disavows at the 
beginning of his paper any intention of discussing superheat itself, but is rather concerned 
with its practical application. 


Mr. LutHer D. Lovexin, Member:—Mr. President and members of the Society of 
Naval Architects and Marine Engineers, I have read the paper presented by Mr. Henry D. 
Oatley, entitled “Superheated Steam in Marine Practice,’ and congratulate Mr. Oatley on 
his timely, important and interesting paper on this subject. 

It was quite a surprise to me to learn that from twelve hundred to fifteen hundred 
ships have been equipped with superheaters. I was fully cognizant of the great work done 
in this country with the Schmidt superheater on locomotives. In fact, I had the pleasure of 
discussing this subject with Mr. J. T. Wallis, General Superintendent of Motor Power of 
the Pennsylvania Railroad, at Altoona, Pennsylvania, a short time ago, and Mr. Wallis 
showed me at that time the daily records of locomotives equipped with and without super- 
heaters on regular runs between New York and Philadelphia. The actual savings in coal 
averaged more than 30 per cent. 

Mr. C. D. Young, Test Engineer of the Pennsylvania Railroad, delivered a most inter- 
esting lecture on the subject of superheating before the Franklin Institute recently, in which 
he gave the actual results of probably the most exhaustive tests ever conducted on the 
Schmidt superheater, and to anyone who may be at all interested in the subject of super- 
heating a reference to this work would be invaluable. I personally know that as a result of 
these tests a piston valve which was formerly 15 inches in diameter, “before superheaters 
were being used,” has since been cut to 12 inches in diameter for the same amount of work. 
The reduction in the piston valve enabled the valve gear to be reduced in weight, and con- 
sequently the inertia forces have been greatly reduced, which is also an item of great impor- 
tance in locomotive work. 

I notice the author questions the railroad men talking eloquently and continually of fuel 
economies of 25 to 35 per cent, but when we consider the great value that the Schmidt super- 
heater has shown for locomotives in actual service, and know from actual experience that 
results of 30 per cent, and more, have actually been obtained, we can readily understand 
why the railroad men are so enthusiastic. As Mr. Oatley justly remarks, to expect this in 
marine practice is, of course, out of the question. Personally I am inclined to believe that 
we have as yet a great deal to learn as to just what the real difference in economy is between 
marine engines fitted with superheaters and without superheaters, for the reason that very 
few tests have been made on a vessel having the same machinery with and without super- 
heaters. 
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In order to ascertain as far as possible the actual saving due to superheat on a moderate 
scale, we are building at the New York Shipbuilding Company’s works, Camden, New 
Jersey, a collier which is being equipped with two Scotch boilers fitted with my superheat- 
ing arrangement, which, however, is not in accordance with the author’s illustration in the 
preliminary paper of my superheater, but is in accordance with Plate 93. It is our inten- 
tion to run a series of tests with the superheater in use, recording all the necessary 
data, and then to run a series of tests without the superheater in use and record 
the same data. This will enable us to form an exact comparison that will be indisputable 
on account of the conditions being the same. In my early type of superheater, as shown by 
Mr. Oatley, the superheater tubes in the upper part of the boiler were in free connection 
with the steam space in the upper part of the boiler, and, realizing that this would not prove 
effective, | designed the superheater referred to previously, and, as shown on my latest plan, 
in order to overcome this possible defect. It will be noticed that my last form of super- 
heater utilizes the two outer rows of tubes as drying tubes, in order to absorb any moisture 
that might exist in the steam prior to entering the superheater tubes proper. Any moisture 
that has collected in the drying tube chamber finds its way through a pipe down to the water 
spaces below, and the dry steam then passes over the superheating tubes in counter current 
to the flow of the gases over and under the baffles shown in the central group of tubes only. 

I have not attempted to obtain a high degree of superheat on the boilers we are build- 
ing, and it has been a very difficult matter to interest the average engineer in any degree of 
superheat up to the present time, and, while I strongly favor a high degree of superheat, I 
have designed the present boilers with a view to giving absolutely dry or a slight degree of 
superheat, not more than 50°. I have endeavored to make the apparatus as nearly fool- 
proof as it possibly could be, and therefore have made the tubes from the combustion cham- 
ber into the uptake about the same size as the stay bolts. They have holes of 7% inch in 
diameter, in order to reduce the temperature of the gases from about 2,500 down to 1,000°, 
with the damper full open. It would have been possible to have kept the same sized tubes in 
the back of the combustion chamber as the regular tubes and then to have operated the 
damper when regulating the temperature of the gases, but, of course, there would have heen 
the possibility of having the damper open too far and therefore the temperature too high. 
In the upper part of the boiler I have used tubes of 4 inch thickness and expanded the ends 
into recesses in the heads of %4 inch wide by 1/16 inch deep and beaded the same over at 
the ends, thus forming a very good head stay. I had also considered using spirally corrugated 
steel tubes for this purpose, together with the usual head stays, in order to avoid any adverse 
comment in regard to the possible trouble due to the difference in expansion between these 
tubes and the shell, but, after considering the expansion and contraction of the regular 
tubes in all boilers, I felt convinced that the work on the tubes of my superheater would be 
no more severe than is encountered in every-day practice with said regular boiler tubes. 


Mr. Ernest H. B. Anperson, Member:—Mr. Chairman and gentlemen, it has not 
been generally recognized in this country that the regular impulse reaction Parsons turbine 
is suitable for superheat. The impression has been that the drum construction of turbine 
does not permit of the use of a very high superheat. This is not so, provided that the turbine 
is designed to use superheated steam. The reason it has not been adopted more than it has in 
marine work has been largely due to the superheaters. One never knew whether the degree 
of superheat would be limited—it might be 100 degrees or it might be 200 degrees, and that 
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has influenced marine engineers with regard to the adoption of superheat. If you use super- 
heated steam with high-pressure turbines, the part of casing which is subjected to the high 
temperature steam requires to be made of cast steel, and it has been very difficult to obtain 
sound castings from the foundries. I must say, however, that they are now turning out very 
much better work in this respect. The blading, too, has to be of special material, and by 
making this of copper, superheat can be used with complete success in marine work as it 
has in the past with land installations. As the author says, I think superheated steam is 
going to be used in marine turbines very largely in the future. 


Mr. E. H. Peasopy, Member:—I would like to say a few words in this discussion on 
my own behalf. I think that this Society is greatly indebted to Mr. Oatley for again bring- 
ing before it the importance of, and particularly the great increase in the use of, superheated 
steam. There has been too much of a tendency, I think, in this country, to attribute troubles 
to the superheaters which really should never have been attributed to them, and not enough 
effort has been made to overcome some slight troubles which were due to superheaters. 

I remember that the first superheater I had any experience with was in connection with 
a stationary plant and Corliss engine, and after some weeks of experimentation the super- 
heater was thrown out, because the engine would not take care of the superheat. In that 
case, doubtless, the situation was exaggerated, and the superheater was much less expen- 
sive than the engine. I only mention the incid.nt as showing the tendency which we have 
sometimes had in regard to superheaters. We do not work sufficiently hard to obtain the 
undoubted advantages of superheat, although, as Mr. Oatley says so well, the use of the 
superheater is increasing and is bound to increase. Probably no element in a steam plant 
to-day pays so high a return on the investment as the superheater. 


THE PresIDENT :—TIs there any further discussion on this interesting question? If not, 
we would like to hear from Mr. Oatley in closing. 


Mr. OatLey:—I am pleased to have Mr. Lovekin submit the plate which he men- 
tions, and which illustrates a modified arrangement of his superheater boiler. This will be 
substituted for the one shown in the paper. That which I used was the only one available 
at the time the paper was printed for distribution. 

Mr. McFarland has expressed my sentiments very fully in his tribute to Mr. Isherwood. 
I fully appreciate the grand work which he has done in various lines, and especially with 
regard to his most carefully conducted and valuable experimental work along the lines of 
efficient use of steam. In the list given in my paper there was no thought of omitting any 
credit which we all know is due to Isherwood, but the names given in the paragraph referred 
to by Mr. McFarland and also in paragraph 27 were those of men who had designed and 
built superheaters, while Isherwood’s connection with superheated steam was more that of 
an investigator and user of superheating apparatus. 

Mr. McFarland’s reference as to reasons why superheating remained quiescent for so 
many years are undoubtedly big factors, though I cannot help but feel that they were secon- 
dary rather than primary causes. I feel very sure that had some of the present designs 
of superheaters been available and had good steel castings and high grade steel in its various 
forms been at hand, the development and use of the superheater would have progressed 
rather than been crowded aside entirely by the introduction of the compound and later by 
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the triple expansion engine. In the absence of these materials, compounding, either in one 
or more stages, naturally became much more attractive. 

It is flattering to the writer to feel that the discussion of this paper to-day has brought 
out so much that is in the line of agreement with the sentiments expressed in the paper. I 
believe that all of the speakers have expressed their belief in the coming of superheated 
steam, though the means for accomplishing it in the near future may not accord fully with 
the writer’s personal views. It is also pleasing to have Mr. Anderson bring out a most 
important point in connection with the use of superheated steam in turbines. I felt that the 
paper was lacking in this respect, and as Mr. Anderson is probably one of the leading 
authorities in this country on turbine design I think his remarks are of particular value. 


Tue PresmpeNT:—I am sure the thanks of the Society are due and most willingly 
given to Mr. Oatley for his very interesting paper. 

We will now take up the last paper to be considered at this meeting, No. 13, entitled 
“The Submarine of To-day and To-morrow,” by Mr. L. Y. Spear, Member. In the absence 
of Mr. Spear, the paper will be presented by Mr. Eric H. Ewertz. 


Mr. Ertc Ewertz, Member:—Mr. President and gentlemen, I wish that the author of 
this paper could have been here to read it himself, as he is ever so much better qualified to 
bring out all of the interesting points. In order to take up the least possible time I will read 
the paper in abstract, referring to what I consider may be of the most interest to you on this 
question of submarines. 


THE SUBMARINE OF TO-DAY AND TO-MORROW. 
By L. Y. Spear, Esg., MEMBER. 


[Read at the twenty-third general meeting of the Society of Naval Architects and Marine Engineers, held in 
New York, November 18 and 19, 1915.] 


THE SUBMARINE OF TO-DAY. 


In view of the very prominent, not to say leading, part taken by the submarine 
in the great struggle now raging in Europe, it is interesting to note that “the sub- 
marine of to-day” is for all practical purposes a development of the twentieth cen- 
tury only. At the opening of this century, the United States, France and Italy 
had just acquired the nuclei of their present flotillas; submarine construction had 
begun in Great Britain, while the other naval powers had nothing. At the present 
time this type is found in every navy. Owing to the secrecy imposed by war con- 
ditions, the number of boats built or building to-day is not definitely known, but 
the best information available indicates that about 350 have already been completed 
and that about 200 more are now under construction. 

When we turn to examine the characteristics not only of the boats built in the 
past, but also of those now building, we are confronted with what at first appears 
as a bewildering confusion of types and sizes. On analysis, however, logical rea- 
sons are easily found for the existing variation in characteristics which in fact are 
due partly to considerations almost purely mechanical and partly to considerations 
which are purely military. 

In the early days, the problem of the submarine designer was the production 
of a practicable boat suitable for harbor defense, a role which did not require high 
speed, long radius, or great sea-keeping qualities, and hence did not involve large 
displacement. The submarine, however, did not escape the general law governing 
the displacement of all naval types, and to meet the demand for increased speed, 
radius, seaworthiness and armament, it has been necessary to progressively 
increase the displacement. When the capabilities of the type had sufficiently 
increased, it ceased to be considered as suitable for harbor defense only and was 
assigned to the larger role of coast defense, and with further development it has 
come to be considered as an aid to the high seas fleet, as well as a useful weapon 
for independent offensive action in enemy waters. 

As the submarine is dependent for propulsion both on the surface and sub- 
merged on special types of machinery, the rate of increase in displacement and mil- 
itary characteristics has necessarily been governed to a very large extent by the 
development of these features. As all naval powers carry on their lists numbers of 
vessels several years old, it follows that there are now many intermediate types in 


202 THE SUBMARINE OF TO-DAY AND TO-MORROW. 


existence (the result of gradual engineering development), which, though still use- 
ful, are not likely to be duplicated in the future. 

At this point, a brief survey of what may be termed the mechanical develop- 
ment of the submarine seems desirable. The growth may perhaps be best illustrated 
by a comparison of the characteristics of one of the first successful boats with 
those of a recent type. The principal characteristics of these two designs designated 
as “A” and “B” are set forth in the following (Table I): — 


TABLE I. 
Type “A,” 1900 Type “'B,” 1914 

Geri tlie ener eee ne 3 or ok hese aoa anes eee Che ne 5210) 230’ 6” 
IS Cuma SEMPRA ago ica etc oa 5s, any. See eee niege lean chat tantee Aelae TO) 3" 21 16 
Siigeace displacement, CONS f...t10-15 gee mei oe ota 67 663 
Supmeroedidisplacement; fons). se ci cients ee cde 75 gI2 
ITOLSE-POWEIs) SUMEACE 2 .t-a eitds Bene eiateaie eae eons aaa oe 50 2,000 
Speedinsuiidiacewknlotsi cs. 0. Shotts Se eee et Renae sey 6 17 
PIOESE-POWEL, ASUDIMELS eG 2.1.5 cries eerie ete sae ae 50 980 
Speedy submerged, knots rma. ais setae cere 5% 1034 
Radiusraction\ surface, knotSic. . «shes dere eee ee 200 3,000 
Number tor pedostubes’ tx. sci2e) a= iloeiieeis lection spines I 8 


At the date of the production of type “A,” type “B” would have been an utter 
impossibility for lack of suitable propulsive machinery. As the equipment in each 
case represents the highest development of the corresponding period, the compara- 
tive figures given in Table II below are of interest as showing the improvement re- 
sulting from ten years of step by step development. 


TaBLeE II. 
Type ‘‘A,”’ 1900 Type ‘B,” 1914 
l@LSe-pOWel main encines nae cit ae ieee eo eicen: 50 2,000 
Rounds mer horse powelscsts ees ls merit cin eines 78 48 
Fuel consumption, pounds per horse-power ........... 74 .50 
Ilorse-powerelectiicimotonst. sie «2 soe eet nine ole 50 980 
Pounds perhorse_power 4.25: aie ee ee 57 48 
Pounds per horse-power of storage battery ........... 909 216 


As noted above, type “B,” for the design of which the author is responsible, has 
been selected as fairly representative of the best results actually achieved to date in 
the mechanical development of the submarine. The representative character of the 
figures will be corroborated by an examination of the characteristics of the contem- 
porary vessels in the English and German navies, viz., the English “E” class and the 
German “U-21 to U-32.” Table III below gives the most important characteristics 
of these three designs, as well as such data as are available with respect to the Ger- 
man class “U-33 to U-42,” which have been commissioned since the outbreak of 
the war. 
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TaBLe III. 
English German German 

Type‘'‘B” Type “E” '*U-21to U-32”’ “‘U-33to U-g2”’ 
ME enn tay se. ot ape bohe aagecep rete ts ters ws 230' 6” 175, 2131 223) 
Surface displacement, tons............. 663 730 640 665 
Submerged displacement, tons.......... gI2 825 787 822 
1 SAT eg Tay ce ee Nye Oe Ck a Diesel Diesel Diesel Diesel 
FLOESE=pOWwer, .SUELACE) fi cisisie c's vice ess, « 2,000 1,600 1,800 2,300 
Speed ssunprace. KnotGecce aes ets - cs 2 a's 17; 15-16 16 17 
Speed submerced  knotsir.042.-.2.-. 1034 9-10 fe) fe) 
Avinanient) tonped@ tUbESe oe 2. 0 es sss « 8 6* 4* 5* 
PAUGTMAMIEM P| PUNG Hse. eeiae ais,s la aes led ws O 2 2 2 


Counting then only such boats as are actually in active commission and of 
proved qualities, we may sum up this phase of the subject by saying that from the 
point of view of mechanical development “the submarine of to-day” connotes a 
vessel of the following approximate characteristics: 


Surtace displacement...) 0... 650 to 750 tons. 

Submerged displacement ...... 800 to 900 tons. 

Surface horse-power ......... 1,600 to 2,300. 

Stiplacesspeed! tases Sante ope: 15 to 17 knots. 
Submereedispeed ye sarc stes hie g to 11 knots. 

PATO ATM CM bees estate isle sellofeva ou 3) Sie 2 guns of from 3 to 4 inches caliber 


and 4 to 8 torpedo tubes. 


The wide radius of action of such boats and their efficiency when operating 
submerged at long distances from their base have been amply demonstrated in the 
present war. The exploits of the English “E” boats in the Dardanelles, the Baltic 
and the North Sea, and the similar work of the German boats “U-21 to U-41” in 
the North Sea, the Atlantic and Turkish waters, are too well known to call for 
detailed mention here, but it may be well to point out that the natural difficulties 
overcome by both sides have been enormously increased by the fact that the boats 
in order to reach their objectives have been required to make long voyages through 
waters controlled and closely patrolled on the surface by the enemy. 

Having thus briefly examined the development so far accomplished on the 
engineering side, it is now in order to consider the present status from a purely 
military standpoint. From what has been said above, it is obvious that if smaller 
surface displacements than 650 to 750 tons are found in strictly modern boats, 
the reason must be sought on the military or financial side rather than on the en- 
gineering side. As a matter of fact, an examination of the characteristics of boats 
laid down during the past four years shows surface displacements ranging from 
35 to 1,100 tons. Those of 800 tons and up properly belong among “the subma- 


*Doubtful. 
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” 


rines of to-morrow.” The remainder when considered from the military point of 
view may be divided into three classes :— 

First, the local or harbor defense submarine. 

Second, the coast defense submarine. 

Third, the offensive submarine. 

The lines of demarcation between these different classes are in fact not very 
definite. Within certain limits, the harbor defense boats can perform the duties 
of the coast defense boats. Similarly, the coast defense boats can under certain 
conditions perform the duties not only of the harbor defense craft, but also of the 
offensive boats; and again, the offensive boat will usually be found quite well 
adapted for coast defense purposes. 

Bearing in mind the fact that military considerations include financial ones, 
it is important to remember: First, that for defensive duties, the only armament 
of the submarine is the torpedo and its only fighting condition is the submerged 
condition; second, that in any given area, the greater the number of units, the 
more efficient the defense; and third, that increasing the displacement benefits the 
surface qualities more than the submerged qualities and armament, and, on ac- 
count of increasing the cost, it decreases the total number of units available. 

Taking all conditions into account and assuming substantial equality as to cli- 
matic and weather conditions, it would appear that for defense purposes only the 
most efficient size of unit is dependent on the extent of the coast to be defended. 
Of course the nature of the approaches to the coast, proximity of possible enemies, 
configuration of the coast, the location of immediate objectives for the enemy, and 
other considerations must enter into the matter, but not, it is believed, to the ex- 
tent of vitiating the general rule. That recent construction programs appear to 
confirm this rule is perhaps best illustrated by the continued construction of the 
smallest type, for if we imagine the coast line to be contracted to a single harbor 
cr bay, then the rule would call for the smallest practicable size, which type is in 
fact found among recent constructions. The only purely harbor defense units of 
modern construction of which the author has any knowledge were built from the 
author’s design, and commissioned in one of the European navies in 1914. One 
of these little vessels has already demonstrated its usefulness by torpedoing an 
enemy destroyer and transport which ventured within its limited radius of action. 
The characteristics of this type, which was primarily designed for the defense of 
a certain harbor and bay, are set forth in Table IV. 
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TABLE IV. 
ISersTeab lS Gos 8 oO ty Gia cru sae i amen aera Sree 66’ 10” 
Surfacerdisplacementwtonsy ny )52 e650. eke owes 35 
Submergedydisplacement, tons.3/225.(3....-. 52.005 36 43 
LOSERS ho class dG Coes og a Pa Aa Diesel 
FROLSC-DOW CI mSULACC Hei an. Oe «eck sj <tecayalevete wihlees 50 
Speedesuintaccmanots yn wl. oe els koe ok aAR Gee bac 3 8 
IRAGCIS@SUGACERMOLS Oa tiei toe yee oN OS am Ce es a elas 150 
SpecdesummensedmcnOtSy ciate c muAuree nse head eae foes 6 
RaGiisHSubimensedyKMOtS: ox cists cis Se as Bist crave Hones 18 
ENEMaAimentntOLPedOLUDES sisi. iss nis chicas tise eset tes 2 


The conditions to be met in the defense of the limited coast lines of Holland 
and Denmark have resulted in the adoption of units larger than the pure harbor 
defense boat above described. The characteristics of the three designs employed 
for this purpose in the Dutch and Danish navies are given in Table V below. 
In connection therewith, it may be remarked in passing that vessels of these char- 
acteristics might prove very useful to the navies of larger countries for local de- 
fense purposes and that, therefore, their classification, whether as coast defense 
vessels or as local defense vessels, would depend not upon the characteristics of the 
boats themselves, but upon the duty assigned them. 


TABLE V. 

Design Design Design 

No.1 No. 2 No.3 
LL SiS ah BSR sn ie reese ah ae Oba ae 98’ I1Q’ 116) 
Stighace displacement, FONS 2 2. ae clue oes os 132 165 187 
Submerged displacement, tons ...........<..... 149 204 229 
EHOESC-POWEL, SUELACE crest cre se Se os die saciid anche 300 450 350 
SECU SiaCe KNOES Ma aiuern ae ie wate Ok aha II 12 11.5 
ea GUS. SUtst ACG MRTIOES ts. wc es caster sie s-c ace wowleee ke 1,000 1,000 750 
Speeds siibimenged KMOES, qv as Gass cfc o's acta e's wis as 8.5 8 8.5 
Correspondine radiuswknotsy. 22.6 05.5 52. cae os 25 24 25 
iiMament, torpedo tubeSe ac sat occa as sons as 2 2 3 


Turning now to the countries with long coast lines or scattered possessions, we 
find that, except where financial considerations are of very vital importance, the 
defense of the coast is now entrusted to vessels with a surface displacement rang- 
ing from 350 to 550 tons. The characteristics of some of the best known of such 
types are given in Table VI. 
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TaBLeE VI. 

aS sehen English “D” French Plu- French Bru- 

class class viose class matre class 
Men othh ok Hs |. what steees Segeeemertagriele: 6 ss 153 4° 150’ —_ — 
Surface: displacement;/tons’ 25... - 389 550 400 400 
Submerged displacement, tons ......... 519 615 550 550 

IBY chepigl Scpatmrm ei ny Ce 305 cy 01 ON LS nee Diesel Diesel Steam Diesel 
lorse-powerysulace pieci..6 sacs. ss goo 1,200 — 850 
Speed} sunfacemkmnotsy ot) iia cise twee 14 14 12.3 13 
Speed, submerged) knots)... 2230. 0.. 8.0 10.5 8-9* 8 9 
Armament, torpedo tubes (internal) .... 4 3 I I 
Exterior launching apparatus .......... — — 6 6 


The offensive submarine as it now actually exists is exemplified in its highest 
development by the boats of 650 to 750 tons surface displacement, the character- 
istics of which are given in Table III. This is not to say that some boats of 
smaller displacement are not playing the offensive role in the European war. In 
fact, the records appear to show that, under the conditions actually existing in 
Europe, smaller types can and are being employed usefully for this purpose. 

In closing this part of the subject, the author wishes to emphasize the fact 
that the discussion has so far been limited to the submarines actually in active 
service to-day. The classifications made are admittedly not rigid. The limits to 
displacements mentioned in connection with the various classes are derived from a 
study of the actual facts from the point of view of the classification adopted. 
The primary object has been to outline briefly modern practice in submarine con- 
struction, particularly with reference to the smaller units, the design of which, 
owing to the present advanced state of engineering development, is now fixed 
almost entirely by military considerations. 


THE SUBMARINE OF TO-MORROW. 


Enough has already been said to indicate that, up to displacements of 750 tons 
and speeds of 17 and 11 knots, the designs of “the submarines of to-morrow” will 
be fixed, not by engineering limitations (as in the past), but by military (including 
financial) considerations. 

Any opinion as to whether the very small harbor or local defense type is 
destined to be perpetuated lies outside of the scope of this paper, but it may not 
be out of order to venture a guess in the negative. At any rate, if this type is 
found in future naval programs, that fact will constitute a marked exception to 
the ordinary history of naval development. On the other hand, the coast defense 
and offensive types are sure of perpetuation. In fact, their value is now so fully 
recognized as to make it certain that present and future naval programs must in- 


*Doubtful. 
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clude such boats in large and increasing numbers. It is also obvious from what 
has been said above that no standardization as to the size of future submarines 
is to be expected, since the most effective displacements must necessarily vary 
with the different conditions met in different cases. This being so, limitations of 
space here make it necessary to confine our further inquiry into the subject to the 
case of the United States. 

At the present time, it appears to be the policy of the United States to em- 
ploy the submarine extensively for coast defense purposes and also to construct 
it for offensive purposes, either in conjunction with, or independent of, the battle- 
ship fleet. In view of the great distances which separate us from the most of our 
probable enemies, and certain special characteristics necessary for the offensive 
type, it appears safe to conclude that in the immediate future at least two quite 
separate types will be employed, one of which we shall designate as the “defensive 
submarine” and the other as the “fleet submarine.” While these two types may 
very well present marked differences in characteristics, nevertheless there are 
certain general conditions which in the nature of the case must apply to both, and 
therefore, before attempting to outline the probable future of each type, it will be 
well to give consideration to these basic conditions. 

The outstanding features characterizing submarine warfare are the following: 

(a) The submerged speed is necessarily inferior to that of the principal ob- 
jective, viz., the enemy’s capital ships. 

(b) The protection of the submarine while engaged is independent of its 
displacement, except to the extent that increased dimensions impair handiness. 

(c) The torpedo power is not proportional to displacement. 

All of these considerations emphasize the importance of numbers. Finan- 
cially speaking, however, large numbers involve limited displacement and hence 
(within limits) decreased efficiency of the unit. How is this basic difficulty to be 
adjusted? At first glance, the question seems too involved for any precise treat- 
ment, but on careful examination we find a reasonable basis for a solution in the 
fact that physical reasons, for the present at least, place a limit on the submerged 
speed of from 10 to 12 knots. As the chances for a successful attack on a moving 
target are so vitally affected by the submerged speed, it seems reasonable to adopt 
the practical maximum as a sine qua non and from that basis build up the de- 
sign. As the torpedo is the sole reason for the existence of the submarine, it 
should not be too difficult to fix some irreducible minimum for the number of tor- 
pedo tubes, which in this case may be put at four. The third absolutely essential 
quality is the ability to pass from the surtace to the submerged condition in a very 
short period of time. A precise limit as to the permissible period of time is difficult 
to set, but taking everything into account, we may here regard three minutes as the 
maximum permissible allowance. By eliminating all frills and non-essentials, it is 
possible to-day to secure these three primary qualities in a well-balanced design of 
about 250 tons surface displacement. Starting with this as the lower limit, let us 
now consider the additional factors, partly military and partly technical, which 
must determine the final solution. 


208 THE SUBMARINE OF TO-DAY AND TO-MORROW. 


Taking up first the remaining primary military features, viz., submerged 
radius, surface speed, and surface radius, we are confronted first by the fact 
that on account of the necessity for separate power plants, other things being 
equal, an increase in any one of these qualities can only be obtained by a sacrifice 
in one or both of the others. Keeping in mind the fact that a submarine on the 
surface has only a minor military value, it is natural first to set some reasonable 
minimum on the submerged radius. While opinions may well differ on this sub- 
ject, the author holds the view that a radius of at least 100 miles at a speed of about 
5 knots is necessary. This requirement by itself will not raise the minimum dis- 
placement figure above mentioned, viz., 250 tons, and will permit of a surface 
speed of from 11 to 12 knots, with a fuel supply corresponding to a radius of 1,000 
miles. 

Leaving aside for later consideration the question of the “effective” radius 
of action, which, in fact, involves much more than the mere fuel supply, let us briefly 
consider the effect on displacement of increasing the surface speed only. We have 
only to remember the intimate relation of length to speed to see at once that, while 
keeping the submerged qualities constant, increases in surface speed are expensive 
in displacement. Thus to increase the speed of the above primary design by 2 
knots, it is necessary to increase the length from 115 to 145 feet and to increase 
the surface displacement from 250 to 325 tons, and an increase to 20 knots surface 
speed would involve a length of about 260 feet and a displacement of about 1,000 
tons. 

Increases in radius of action, in so far as the mere ability to carry the neces- 
sary fuel is concerned, do not make such great demands on displacement, but when 
all of the factors which in practice fix the “effective” radius are taken into ac- 
count, the demands on displacement become astonishingly great. The “effective” 
radius is in fact that distance which the boat can run on the surface, taking the 
weather and sea as it finds them, and still arrive at its destination with the personnel 
in efficient physical condition for submerged work. In other words, habitability 
and seaworthiness from a habitability point of view are vital factors, so vital in 
fact as to warrant some detailed examination here. 

In the case of the 250-ton primary design above referred to, about four days 
would be required to run out the fuel radius. Good practice then would require 
fresh water and provisions for a week, which might be taken as the limit of time 
for such a boat to be absent from its base and dependent entirely upon its own re- 
sources. If good weather or operation in sheltered water could always be counted 
on, the complement of such a boat could be organized in a watch in two and be 
thus reduced to a number for which it would be possible to provide living accom- 
modations of an elementary character. Now let us assume that an effective radius 
of 3,000 miles is required. Obviously, such a radius involves work in the open sea 
with a possible period of independent operation of three weeks. Here a watch 
in three is at once indicated with an increase in the number of the crew of about 
50 per cent. Moreover, the living accommodations must be much more elabo- 
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rate and the fresh water and provision supply must be four and one-half times as 
great. This, however, does not tell the whole story, since reasonably comfortable 
conditions for surface navigation for extended periods in rough water or very 
cold weather involve alterations in the design, which, if not compensated for by ad- 
ditional displacement, would reduce the submerged speed and radius. For in- 
stance, the percentage of surface buoyancy which would be adequate with a smaller 
radius would, other things being equal, not be adequate in the case of the larger 
radius. An increase in this, without increase in displacement, would involve a de- 
crease in submerged speed and radius. Again, even if the supposedly fixed sub- 
merged qualities were sacrificed to increase the habitability, we must remember 
that absolute displacement is in itself a large factor. In other words, having in 
view the weather conditions which must be met, there is probably some minimum 
limit of surface displacement, even when substantial sacrifices of other qualities are 
made in favor of habitability. 

Having thus briefly outlined the design problems flowing from the purely mil- 
itary considerations, let us turn now to the engineering questions involved. As- 
suming certain speeds, radii and armament as rigid requirements, it is obvious 
that the displacement must vary according to the type of machinery installed and 
the amount of attention paid in the design to questions of access and reliability. 
The most important items in this connection are of course the main engines and the 
storage batteries. In each case reliability and long life are in conflict with compact- 
ness and light weight. In these important respects, there is as yet no uniformity 
of practice in the different navies of the world. In certain continental countries, 
notably Germany, the extreme of lightness and compactness is sought, accessibility is 
sacrificed, and a very highly trained personnel is relied on for reliability. The wide 
range of practice is illustrated by the fact that the weight in pounds per horse-power 
of the main engines of the single-acting Diesel type almost universally used varies 
from 50 to 100. In the case of storage batteries, the weight per motor horse-power 
at the one hour rate of discharge varies from 131 to 253 pounds. The smaller figure 
represents the extreme case, where the durability of the battery is sacrificed to capac- 
ity. The heavier of the two batteries is in fact expected to have a service life at 
least three times as great as the lighter. 

Quite aside from the type of machinery adopted, the matter of access and 
roominess in general is of great importance, and finally we must in addition con- 
sider the demands made by safety features, including elaborate bulkhead sub-divi- 
sion, as well as the installation of special fittings and appliances, such as submarine 
signals and the like. 

To illustrate the aggregate effect of such considerations, we may compare a 
comparatively simple design of the date of 1910 with a very recent one. The early 
design has the following characteristics :— 
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Sunbace speediyc. h ceeaeeeernyet het oie \c sueteure aremets 14 knots. 
Surface fuel (radiiste ett es)... che weil alae 2,490 miles. 
Submereedtspeedieemerettacs . cfs sev -bentte npn 114 knots. 
Submerpediradiusars knots)... 0... ose ler I10 miles. 
Armament acerne meine cee. 3. 4 torpedo tubes and 4 torpedoes. 


The corresponding data for the later design are as follows:— 


SEIT IRe Tos (0° 210 Nas nee Mare rN Blase ine star GAN 5 14 knots. 
SilieacesntelanadilS' & sc 2h; cual siemens on net Seems cn ebens eye 3,150 miles. 
Submerced Speed! <.). crc ie Mere eyo eicgselermenatan: 10% knots. 
Submerced radius at 5) mots weet oe eels ei: 75 miles. 
INGIISMENES. «wise s fineness 4 tubes, 8 torpedoes and one 3” gun. 


It will be noted that the newer design provides for slightly greater armament with 
an increase in the surface radius. On the other hand, this has been compensated for 
by a decrease in the submerged speed and radius. Notwithstanding this reduction in 
submerged qualities, the surface displacement is increased 60 per cent. In this 
particular case, there is no material difference in the weight and space per horse- 
power of the main engines, and the very large increase in displacement has nearly all 
been absorbed by habitability and safety features. 

The substantial influence of the type of main engines employed may also be 
best illustrated by an example from actual practice. In the case in mind, on a sur- 
face displacement of 350 tons, a trial speed of about 14% knots was obtained with 
comparatively light two-cycle engines developing 450 horse-power at 450 revolutions 
per minute. The engines in this case weighed about 56 pounds per horse-power. 
When these engines were replaced by a heavy type weighing 86 pounds per horse- 
power and operating at 375 revolutions per minute, the trial speed was reduced to 13 
knots. 

Having thus briefly reviewed the main elements of the problem, we are now ina 
position to consider the probabilities with respect to the characteristics of the United 
States submarines of the near future. Let us consider first the question of the de- 
fense type. Adequate defense obviously requires the assembly of the requisite num- 
ber of boats where and at the time needed. Broadly speaking, this may be accom- 
plished in two different ways. The first method is in principle that of local defense 
embodying the permanent stationing of an adequate number of boats of moderate 
radius in each locality where protection is desired. With adequate numbers, this 
method can certainly be relied upon to prevent blockades, bombardments or landing 
operations. The second method involves abandoning altogether the idea of assign- 
ing groups of submarines for the defense of certain areas and using instead flotillas 
of larger boats which by reason of increased speed and sea-keeping qualities could be 
concentrated when and where wanted. Such flotillas could also carry the line of de- 
fense much farther from the coast, and in this way could co-operate more fully with 
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the battle fleet. Should this second theory be adopted, it appears certain that there 
would arise an imperative demand for much higher surface speeds, which, of 
course, would involve marked increase in the displacement and cost of each unit. At 
the present writing, the largest defense boats ordered by the United States are of 
about 500 tons surface displacement, with a speed of 14 knots. If the policy under 
discussion were to be adopted, it would perhaps be logical to pass at once to materi- 
ally higher displacements and speeds, say 800 tons and 17 to 18 knots. Following 
the natural law of naval evolution which seems to look toward the attainment of the 
maximum power in each unit, we would expect to see this displacement and speed in- 
crease from year to year. Carried to the extreme and logical end, this policy would 
eventually result in a merging of the defensive type into the offensive type. When 
that point is reached, if ever, our present units would probably be assigned to local 
defense and their numbers would be supplemented by new constructions of moderate 
displacement. 

Having in view the strong differences of opinion on the subject which now exist 
in the Navy, the author does not anticipate the definite adoption at an early date 
of either method to the exclusion of the other. In fact, if the past is a safe guide, 
we may expect our Navy Department to keep “in the middle of the road,” thus avoid- 
ing all sudden radical changes. It followsthen that we may reasonably expect a com- 
promise in the form of the construction of boats, which, while larger than necessary 
or desirable for local defense purposes, can still perform that duty, and at the same 
time possess the necessary habitability and the “effective” radius to enable them to 
keep the sea for long periods of time and to operate at a long distance from their 
base. Such a type would thus also be available for use according to the second 
method and on the whole should be very efficient for such purposes, since, on account 
of the moderate displacement involved, it will be practicable to compensate for lack 
of high surface speed by an increase in numbers. In fact, if an increase in numbers 
be coupled with adequate scouting service, the final efficiency obtained from a given 
expenditure may be greater if the speed of the flotillas is moderate than if it be high. 

As noted above, the necessity for sea-keeping qualities will in itself place some 
lower limit on the surface displacement. Actual experience, which is really the only 
safe guide, appears to fix this limit at about 350 tons. In this connection, it may be 
interesting to note some of the most notable achievements of submarines in the mat- 
ter of long voyages in the open sea. Some years ago, the U. S. S. Salmon, now the 
D-3, of 288 tons surface displacement, made a successful trip from Boston to Ber- 
muda and return, the journey involving a stretch of about 700 miles from port to 
port. This year, a large number of submarines of 350 tons displacement have suc- 
cessfully crossed the Atlantic under their own power from Canadian waters, which 
performance, taking the number of boats and the length of the voyage into account, 
appears now to be a record. In the French Navy, the Faraday of 400 tons sur- 
face displacement has successfully made the passage from Rochefort to Toulon, a 
stretch of 1,730 miles. The voyages of the British “E” class from England to Aus- 
tralia, to the Dardanelles and to Russian Baltic waters, as well as the voyages of the 
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German boats around the British Islands and also to the Dardanelles, are all very 
convincing as to sea-keeping qualities. In these last cases, the average surface 
displacement involved is about 700 tons. 

In the special case under consideration, the limit of permissible cost would fix 
the upper limit at say 550 tons. If we allow for the prevailing United States stand- 
ards with respect to armament and the features affecting habitability, safety and 
access, as well as durability and reliability of machinery, a surface displacement of 
at least 500 tons is indicated. 

Assuming that the military conditions can be met by an effective cruising radius 
of 2,500 miles at 11 knots with normal fuel supply, it will be interesting to set down 
some possible solutions where the submerged speed and radius and the surface 
speed are the only variables. In all these solutions, armament, safety, habitability 
‘and roominess are the same and the same character of machinery is contemplated, 
except where noted. The percentage of buoyancy is varied as it should be to meet 
the actual conditions as to surface speed and as to speed-length ratio. 


TaBLeE VII. 
Design Design Design 
No.1 No. 2 No. 3 
Displacement, ‘surface, tons :.).3. 22.02: 500 500 500 
Buoyancy, per cent of above -.: 3.0... 20 24 28 
Displacement, submerged, net tons ...... 600 615 640 
Surface radius at 11 knots, miles ....... 2,500 2,500 2,500 
4 tubes 4 tubes 4 tubes 
Armament (all tubes internal) ....... S8torpedoes 8torpedoes 8 torpedoes 
ae gun I—3" gun I—3” gun 
Siitace | Speeds KNOG mieten eetatraer se 13 14 15 
Submereed @ speed, knots e008. tai crease II II 10% 
*Submerged radius at 5 knots with 
battery Aeeiteass trots teree ar cites 115 100 80 
Batter ye loti aks ath ene etaenecerett cee 132 115 92 
Battenya Gre ter ce terme ee oe 145 126 IOI 


All things considered, the author believes that Design No. 1 presents the most 
valuable combination of qualities, but as this would involve a change in prevailing 
practice, it is perhaps more probable that the characteristics of U. S. coast defense 
boats of the near future will more closely approach Design No. 2. Whatever may be 
the decision of our naval authorities as to the surface speed necessary, the author is 
firmly convinced of the relatively greater importance of the submerged qualities for 
this type of boat, and consequently believes that battery capacity and submerged ra- 
dius and speed should not be unduly sacrificed either in the interests of durability 
or first cost. 


*Type A is a heavy durable battery with positive plates of the Plante type. Type B involves the use of 
thinner plates of the pasted type with a probable sacrifice in durability of about 50 to 60 per cent. Type C is of 
special construction equal to Type A in life, but more expensive, so that its use would increase the first cost 
of the boat by from 4 to 5 per cent. 
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In this discussion it has been assumed throughout that the type of ma- 
chinery used, both for surface and submerged propulsion, viz., Diesel engines and 
electric motors, will be adhered to in the near future. The various substitutes 
which have been proposed, particularly with respect to the submerged power plant, 
are all as yet in the early experimental stage. Even should any of them achieve 
such success as to warrant the abandonment of prevailing types of machinery, the 
results will not show in the defense “submarine of to-morrow,” but rather in “those 
of the day after to-morrow,” which are beyond the scope of this paper. 

It remains still to consider the offensive or fleet submarine. If this type is to 
accompany the battle fleet, a high surface speed is an absolute necessity and with 
this must be combined a long effective radius. The question as to whether the fleet 
submarine really belongs among “the submarines of to-morrow” or not depends upon 
the surface speed which is considered adequate. If a speed of from 20 to 21 knots 
will suffice, the answer is certainly “yes,” but if 25 knots or more are required, 
there is, to say the least, serious doubt with respect to the matter. 

As the crux of this question lies in the matter of the surface power plant, it is 
necessary now to examine this subject in some detail. 

At the present time, almost all modern submarines depend for surface propul- 
sion on Diesel engines, the only exceptions being a certain number of French boats 
equipped with steam engines. The Diesel engine is in fact the ideal motor for this 
purpose on account of the following qualities :— 

(a) Compactness and moderate weight. 

(b) Great economy in fuel consumption. 

(c) Ability to start instantly. 

(d) Ease in disposition of products of combustion. 

(e) Freedom from excessive radiation or storage of heat. 

In all respects, except quality (a), the Diesel engine is vastly superior to the steam 
engine and hence is to be preferred. 

The conditions under which any engine must work in a submarine are very un- 
favorable. The space and weight available are strictly limited and the demand for 
speed often so insistent as to force the use of comparatively light-weight, high-speed 
engines. Complete reliability of operation under such circumstances can only be at- 
tained after an adequate period of development. The submarine Diesel engine, while 
a newcomer in the field, has even now been developed to a point where, for moderate 
powers, entirely satisfactory reliability is obtained, when extremes in the way of 
light weight and high speed are avoided. The best engineering talent in all countries 
is being devoted to the development of these engines, which is in fact making rapid 
strides. Up to the present time, the maximum power per unit which is actually in 
successful service is about 1,200 horse-power, but considerably larger units are under 
construction. As is natural, owing to the short time in which this type of engine has 
been under development, uniformity of practice has not been reached. In Germany, 
and in other continental European countries, except France and Russia, very high- 
speed, light-weight engines are most in favor with the two-cycle type generally pre- 
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dominating over the four-cycle, although many of the German boats are equipped 
with four-cycle engines constructed by the Augsburg Works, the others being 
equipped with two-cycle engines constructed by the Krupp and Nuremberg Works. 
In France and Russia, both two and four-cycle engines are employed and there is a 
tendency towards the use of engines of greater weight and more moderate speed. In 
England, the two-cycle engine has not found favor. Practically all of the English 
boats are equipped with four-cycle engines of moderate speed and weight. No effort 
appears to have been made to gain a slight increase in surface speed by the use of 
the lightest possible engines. In the United States, both two and four-cycle en- 
gines have been. installed and in a number of cases the two-cycle engines have been of 
the high-speed, light-weight type. The tendency now is towards the use of a heavier 
engine of more moderate speed, a development which means an increase in the dis- 
placement of the boats in order to avoid a loss of surface or submerged speed. 

The lightest Diesel engines so far employed weigh about 50 pounds per brake 
horse-power and operate at a speed of about 500 revolutions per minute. The 
heaviest engines weigh about 100 pounds per horse-power and operate at a speed of 
about 350 revolutions per minute. A fair average for single-acting engines of sub- 
stantial construction and moderate speed may be taken as 70 pounds per horse- 
power. While future development will no doubt result in some decrease in weight 
without sacrificing durability or reliability, there is no reason to believe that the 
improvement in single-acting engines will be radical. Internal-combustion engines 
in general, however, have not yet by any means reached the limit of their develop- 
ment, and it is not unreasonable to assume that it will be possible to produce units 
of this type of great power of substantially the same weight and space as that re- 
quired for steam installation and comparing favorably with the latter with respect 
to the matter of reliability. 

In the present stage of development of the single-acting Diesel engine, it is en- 
tirely practicable to install a submarine power plant of from four to five thousand 
horse-power in a boat of from 900 to 1,100 tons surface displacement. When this 
displacement is coupled with a length of about 260 feet, a speed of from 20 to 21 
knots can be obtained with the above power. When we come to consider the ques- 
tion of a speed of 25 knots or more, it is well to remember that excessive length in 
a submarine is in itself a very undesirable feature. In operating submerged, it is 
not always possible to avoid some fore and aft inclination of the boat’s axis, and, 
when great lengths are involved, comparatively small angles of inclination result in 
great differences in the level of the bow and stern. Obviously, then, the greater the 
length, the greater the depth of water required for rapid and safe submerged ma- 
neuvers. On this account, having in view the possible and probable uses of the 
fleet submarine, every effort will no doubt be made to keep the length within reason- 
able limits. Adopting say 300 feet as the limit of length and coupling this with a dis- 
placement of about 1,200 tons on the surface, from ten to twelve thousand horse- 
power would be required for a surface speed of 25 knots. An installation of Diesel 
engines of such power would at this writing be experimental. It follows that, not- 
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withstanding its serious disadvantages for submarine service, submarine designers 
may in the immediate future be forced to employ a steam plant in order to meet the 
demand for a surface speed of 25 knots or more. With steam-driven vessels, to se- 
cure equivalent radius of action, the fuel supply must be at least double as compared 
with Diesel engined vessels. Taking this into account, it would appear that a speed 
of 25 knots, coupled with a radius of say 1,500 miles at full speed and 3,000 miles 
at 14 knots, cannot be accomplished on the above limit of displacement without a 
material sacrifice in submerged qualities. To illustrate this, let us take a concrete 
case. Starting with a Diesel engined vessel of 1,100 tons surface displacement and 
20 knots speed, coupled with a normal fuel radius of 1,500 miles at full speed and 
3,000 miles at 14 knots, and allowing 70 poinds per horse-power for the main engines, 
we arrive at a weight of approximately 220 tons for main engines and fuel. Now 
considering a steam-driven 25-knot boat of the same radius of action and corre- 
sponding speed and assuming that the machinery installation proper can be made on 
45 pounds per horse-power, we arrive at a total weight of about 366 tons, or an in- 
crease of 146 tons. The increase of 100 tons in displacement will involve at least 
an increase of 40 tons in the weight of the hull and fittings, leaving us a net in- 
crease of not more than 50 tons. Hence, if we are to keep within the limits of 
the displacements mentioned, we must sacrifice the submerged qualities. Inferior 
submerged qualities are certainly serious defects from a military standpoint, 
but a danger of an even graver defect than a moderate decrease in submerged 
speed and radius is certainly involved in the installation of steam machinery. It has 
been pointed out above that rapid submergence is an absolutely essential quality and 
in this respect steam-driven submarines must inevitably be inferior to those driven 
by internal-combustion engines. Whether and to what extent the inferiority of the 
steam plant in this respect can be overcome remains entirely a question for the fu- 
ture, but it is certainly a fact that at the present time the difficulties have not been 
overcome in France, even in installations of comparatively small power. For the 
above reasons, the steam plant if adopted at all will be considered as a temporary 
expedient and the steam engine is certain to be displaced by Diesel engines as soon 
as the development of the latter permits the attainment of the surface speed re- 
quired. Because steam units have been developed for other purposes to powers in 
excess of those which the submarine requires for a speed of 25 knots, it is often as- 
sumed that there will be no great difficulty in adapting the steam engine to sub- 
marine propulsion. In the author’s judgment, this is an erroneous assumption, 
since, as a matter of fact, the adaption of the steam drive to the requirements of 
the submarine involves many a step in the dark and the attempt is likely to result in 
many disappointments. In fact, as indicated above, it is not beyond the bounds of 
possibility that the effort may result in complete failure, in that, while the surface 
speed may be obtained, other and vital military qualities may be sacrificed to such 
an extent as to make it impossible for the vessels to perform the service for which 
they are designed. 

It had been the author’s intention to supplement this discussion with some ac- 
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count of the efforts being made in Europe to develop the fleet submarine, and also 
to touch upon the possible effects upon such designs of the scouting and commerce 
destroying duties which might well be performed by this single type. The author 
regrets that a lack of time requires the termination of the paper at this point, and 
at the same time presents his apologies to the members of the Society for the 
sketchy nature of the paper which has been unavoidable under the circumstances 
of its hurried preparation. In view of the very great public interest in and impor- 
tance of this subject at the present time, intelligent discussion by those capable of re- 
alizing the difficulty of the problems to be met is greatly to be desired, since from 
such discussion helpful suggestions are almost sure to flow. Should this brief sur- 
vey of the present situation serve to provoke such discussion, the author will feel 
fully repaid for the work of preparation. 


DISCUSSION. 


Mr. Ewertz (after reading the abstract) :—What is true of the requirements in the 
United States is not true of the requirements in some of the countries of Europe. Mr. Spear 
has tried to describe what is useful here, there, and in other places. In the United States he is 
referring to two types, the coast defense, and the offensive or seagoing submarines. The 
boats which we have built up to date for the United States Government are practically all of 
the coast defense size, boats running up to 600 and 700 tons displacement. If we are to 
build offensive submarines, we must solve the question of surface speed, and while at the pres- 
ent time it is perfectly feasible to put two or more engines of from 400 to 500 horse-power in 
one boat, it is only possible with such size engines to get surface speed of from 20 to 21 
knots. If you desire a submarine with a surface speed of 25 or 26 knots, the problem of 
developing power is one of the most important. As yet we have not solved this problem, and 
we may find it necessary to use steam for motive power. This has been experimented with 
from time to time, but up to the present no satisfactory result has been obtained by the use 
of steam installation. 

There is probably no problem in regard to design that is so complicated as the design of 
a submarine. There are thousands of ideas as to what they should be like, coming from all 
parts of the world, and the designer of the submarine has to do the same as is done in other 
lines of business—he has to take the better points of the various suggestions and compile them 
into one design, a design that does not fulfil everybody’s requirements, but is a compromise 
of all. 

The success of submarines in the future will depend upon the willingness to concentrate 
our requirements along certain fixed lines, and if in this country we need coast defense and 
seagoing submarines, all our talents should be directed along the line of developing these 
two types of boats. 

In a later part of the paper the author refers to the complications in connection with 
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the design of a seagoing boat. If you want high surface speed you must sacrifice submerged 
speed, and, on the other side, if you want submerged speed the surface speed must be sacri- 
ficed. You cannot have both of them at the same time in the same boat, due primarily to the 
distribution of weights. 


THE Present :—Gentlemen, we have before us the paper entitled “The Submarine of 
To-day and To-morrow,” by Mr. L. Y. Spear, which has been presented by Mr. Ewertz. 


Mr. Puitip B. Britt, Member:—I would like to ask the gentleman if he can give me 
a little information on two matters appearing in this paper. In Table I, page 202, type 
“B,” the surface displacement is given as 663 tons. The submerged displacement is 912 
tons. That gives a reserve buoyancy of 249 tons, or 37.5 per cent of the surface displace- 
ment. I would like to ask whether the paper as printed is correct, or whether there has been 
some typographical error. The buoyancy appears to be 


Mr. Ewertz :—I am not in a position to answer that question, as I have not gone over 
this paper with the author. I had the pleasure of reading it here, and that is as far as I have 
gone with it. 

I suggest that the Secretary be instructed to ask the author of the paper that question in 
behalf of Mr. Brill. 


Mr. Britt :—There is another question with reference to matter on page 206, which is of 
the same nature, and I judge probably the gentleman would not be able to answer that if he 
could not answer the other question. 


Tue PreEsIDENT :—You might give it to the Secretary, and it can be transmitted to the 
author at the same time. Indicate what the question is. 


Mr. Britt :—On page 206, Table VI, in the U. S. “K” class, the surface displacement is 
given as 389 tons, and the submerged displacement is 519 tons, or a reserve buoyancy of 33 
per cent. That is possible, depending on the condition of load, and I would like to ask what 
is the condition of load in the surface displacement given, as to the fuel carried and the cor- 
responding surface radius of action. 

Also, in regard to type “B” on page 202. the surface radius of action is stated as 3,000 
knots. I would like to ask at what speed that radius of action was made. 


Mr. ELMER A. Sperry, Member:—This is a very important and timely paper, and I hope 
it will be quite fully discussed. We need all the light on the subject that we can get. The 
weak points in the submarine to-day are known to be the motive power, and the fact that the 
submarine has no eye. It is barely possible that in the near future we will find a way to 
throw a beam out ahead of the submarine so that it can see. Think of the situation of the 
men who man these submarines, when they are about to emerge from the water, and think 
of the three or four accidents, very serious ones, that have occurred in England especially, 
when they have emerged up under a ship and suffered injury. The submarine is very sensitive, 
the plates are only one-quarter or three-eighths of an inch thick, and any small injury is likely 
to sink it immediately. 
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We have made one contribution, possibly, in this country, towards the navigation of the 
submarine. You understand that when an electric cable has direct current flowing through it 
the cable itself becomes tremendously magnetic. At Niagara Falls not long ago they had an 
experience showing how magnetic a harmless copper cable may become. There was a tunnel 
containing cables on either side, which conveyed current to Buffalo. On the Buffalo lines one 
sleety night they had a short circuit, and the onrush of current through the cables was such 
that it ripped the cables from their moorings, some 12 feet apart, and in their tremendous rush 
together they killed a man who happened to be going through the tunnel at the time. That 
was simply by virtue of the magnet lines of force about a cable. 

In direct current—and all storage batteries must have direct current—there is a mag- 
netic circulation about every cable that is constantly in one direction, and will easily turn a 
magnetic needle “in a ten-acre lot,” the magnetic needle in a compass. When you have a 
compass in the small confines of a submarine, you cannot get it in a ten-acre lot. As soon as 
you put 3,000 or 4,000 amperes through any of the cables, the needles in the compass go 
around, and it never goes clear back and the directional function is lost. Another system of 
guiding the submarine has been sought and found, and now we have gyro-compasses, which 
are manufactured here in New York, on the submarines of nearly every navy in the world, 
and they are found to be reliable and useful. Some tests were made not long ago with that 
compass on the submarines that went in through the Dardanelles, under the mine fields, and 
into the Sea of Marmora, and one of them remained there four weeks, had the compass 
running every second of the time, and was able to get only two sun readings in that four 
weeks. The commander reports that each time when he could take an observation he found 
himself exactly on the scratch line. It is a comfortable feeling for those in a submarine to 
know that they have a compass upon which they can rely. 

The compasses were installed on these submarines that went to join the Russian fleet and 
made a journey of 1,600 miles, in which many difficulties of navigation were encountered, 
and the compasses were found to be reliable and very accurate. Some of these officers have 
received Victoria Crosses, and a number of letters have been received expressing very cordial 
appreciation of the gyro-compass and satisfaction that they were able to navigate the sub- 
marines so satisfactorily. 

The gyro-compass makes it possible to do another thing which is very valuable in con- 
nection with the torpedo fire from a submarine. That is, we put a repeater compass—you 
understand the master compass is usually not used directly—we have repeaters which are 
coupled with the master, the accuracy of which, in following the compass, is 1/12 of a 
degree, a time lag of .001 of a second. We hang one of these around the skipper’s neck, and 
he has a little repeater right before him with a 26-foot flexible cable on it, permitting him to 
go into the prow of the submarine and stand with his thumb on the air discharge valve of the 
torpedo tube, so that after he has been up and taken a last bearing of the target with the 
periscope and knows that he is within the yawing angle, then when the submarine gets 
exactly to say 7114 degrees he is enabled to instantly discharge his torpedo and gets practi- 
cally 100 per cent hits. If he has a torpedo in the tube, it will go straight, because the aim of 
that torpedo is due to the aim of the submarine and this is dead accurate. We feel we are 
well along with one problem—a serious one, too—and that is this aid to navigation. 

We believe that the same progress is going to be made in reference to the engine. This 
paper states that the present Diesel engines require between 50 and 60 to 100 pounds per 
horse-power. That is a serious objection to the Diesel engine, and it is felt that some 
improvement should be made in this line. 
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The material efficiency of the Diesel engine is extremely low. A great quantity of metal 
has to be put in the engine to take the pressures that come up instantly, and come down 
almost on the same curve—a very small percentage of the total time, less than 7 per cent in 
the two-cycle and 3 per cent in the four-cycle engine, and all the metal there for that brief 
period of time. 

If a much larger mean effective pressure could be obtained so as to cut down the material 
incidental to a given motive power, a great advance could be made. Let us hope that some- 
one will be able to do this, or someone will make a suggestion by means of which it can be 
done. 

Another great trouble is the storage battery. Whether an Edison battery or a lead bat- 
tery, it is found to be very heavy as compared with the horse-power it is capable of giv- 
ing. The lead battery has shown superior qualities in the even discharge line as compared 
with the Edison. I believe that gives quite a different line. Of course, the trouble with the 
Edison cells, again, is that you must have almost twice as many of them, and very much 
less power for a given cost, so that as regards the motive power we are up against a num- 
ber of problems. We need suggestions of improvement in this respect, and it is just such 
discussions as this to-day that is necessary. No matter whether a man has a good idea or a 
poor one, it is wise to get up and air it. It may lead to something better and he will cer- 
tainly be appreciated, I am sure. 


Mr. Wo. T. DonneELLy, Member:—I do not know that I can add anything to the paper as 
it is very comprehensive, but I should like to say something relative to the fundamental prin- 
ciples involved from a combined mechanical and dynamic engineering point of view. 

The most discouraging thing about the Diesel engine to mechanical engineers has been its 
excessive weight per unit power delivered, and this has been brought out very clearly by Mr. 
Sperry’s statements. 

Every Diesel, and in fact every internal-combustion engine, depends upon itself for the 
compression of air used as a source of oxygen to consume the fuel supplied by the oil. All of 
us who are familiar with the card of a Diesel engine know how much of the area is taken up by 
the work represented in compressing the air, and the fact needs no emphasizing that, if this 
area could be represented by useful work, the output of the engine per unit of weight will be 
very much greater. The question from a mechanical point of view is: It is possible to pro- 
vide the compression of the air by an exterior device of very much less weight, so that, 
having the air compressed, the output of the Diesel engine cylinder would be the complete area 
of the card below the expansion line? 

Considered from a thermo-dynamic point of view, the cylinder of a Diesel engine, heated 
from previous explosions, compressing the air in a single stage without cooling, is a very 
wasteful form of air compression and one that could not be tolerated in any industry demand- 
ing a large amount of compressed air. 

As a matter of fact, submarines as now constructed have entirely independent air com- 
pressors, capable of delivering air at a sufficiently high pressure for the Diesel engine, and 
all submarines have, or can be provided with, tanks of large capacity to hold this air under com- 
pression. 

Even if this method of operating a Diesel engine was used only for emergency runs— 
that is, when the very highest speed on the surface was necessary—it would be of very great 
importance, and, if air previously stored up could be used for this purpose, it would enable 
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the charging of the batteries to be accomplished in a much shorter time where the charging 
was of supreme importance to enable the submarine to again operate electrically below the 
surface. 

Thermo-dynamically it should be pointed out that it is not primarily the fuel but the 
amount of oxygen in a cylinder charge of air which limits the power of the engine. This raises 
the question of the possibility of increasing the oxygen contained in a given amount of air. 
The pre-compression of the air and the reduction of its heat content before its introduction 
into the working cylinder would make it possible to add a considerably greater amount of heat 
without increasing the initial temperature above that found to be the limit in the present prac- 
tice. The amount of this heat is that represented by the mechanical energy used to compress 
the air, and is of very considerable amount. 

Another matter which should receive careful consideration from a thermo-dynamic point 
of view is that of running the compression to a sufficiently high degree to start combustion. 
This from a mechanical engineering point of view is an absurdity. It is so easy to obtain an 
initial temperature by electricity, and its control is so positive, that the matter of initial com- 
pression to combustion temperatures should be eliminated from the Diesel engine problem. 

The matter of injecting other material into the cylinder after the heat has been gener- 
ated to carry out and increase the mean effective pressure is another point which should be 
investigated, and it should be pointed out that past investigation has been altogether too much 
controlled by the desire for very high thermal efficiency. Thermal efficiency is of very 
great importance, but is relatively of small importance in a submarine, the power problem of 
which we now have under discussion. 

I am very confident that there are possibilities in the Diesel engine far beyond the pres- 
ent developments, and they will be discovered and developed by working along special lines 
such as the application to the submarine, where the demands are quite different to an engine 
used in industrial purposes working perhaps twenty-four hours a day, and therefore consum- 
ing a very large amount of fuel, the cost of which becomes the most important item in the 
problem. 

Beyond question, the most important consideration in the Diesel engine as applied to 
the submarine is that of increasing its output per unit of weight, and one of the first things 
to be sacrificed in attaining this end is its very high efficiency. From the fact that the 
cost of fuel for operating the engine of a submarine is probably the very smallest item to be 
considered and of relatively small importance, I would ask the mechanical and thermo- 
dynamic engineers for the time being to disregard thermal efficiency and concentrate their 
attention on the purely mechanical efficiency which we find so exceedingly low in the Diesel 
engine. 


Mr. Joun F. WEnNtwortH, Member:—The problem of the submarine is out of my 
line. The heart of the submarine, the internal-combustion engine, is, however, my specialty. 
I came as an interested listener to get information upon the subject of submarines. The 
queries of Mr. Sperry relative to the possibility or desirability of reducing the present stresses 
in the oil engine, and of Mr. Donnelly relative to the desirability of searching out some 
method for increasing the mean effective pressure of the oil engine are particularly interest- 
ing subjects to me, inasmuch as I have spent a good deal of time in the hopes of solving 
these two problems. 

First I would like to take up the question of stresses in the engine which make the pres- 
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ent engine so heavy. At the present time I am engaged in the design of an engine based 
upon my theories, which differ very materially from the theories of the late Dr. Diesel. As a 
result of correspondence with the Navy Department relative to the discrepancy of data 
quoted last year for the two ships, the Cyclops and Jupiter, my theories were mentioned 
and I was invited by the Navy Department to design an engine to illustrate my theory. 
The option was given the Department to select as a problem either a large sized engine or 
a submarine engine. The submarine engine was selected. In this selection I was somewhat 
limited in size and power. However, I decided to conform to requirements as far as 
possible, but not to sacrifice any desirable elements of my design to conform to the re- 
strictions. 

The type of engine selected to submit was the low-pressure type. In this engine the 
clearance of the cylinder is about 17 per cent in place of 8 per cent, as is used in the Diesel 
engine. In order to produce initial ignition of the fuel it is proposed to use steam in the 
jackets of the cylinder. The explosion pressure can be allowed to run up from a pres- 
sure of 175 pounds to around 500 pounds. In this case the engine would at first thought 
appear to be no lighter than the Diesel. This is not the case, however, as the weight of the 
engine is due in no small degree to the bearing areas. In the Diesel, with its high pressure of 
compression, a lower bearing pressure per square inch must be used than in the proposed 
type where this stress, if it exists at all, will exist for only a short time. It is my opinion that 
much of the massiveness of the present Diesel engine is unnecessary. This applies to the 
cylinder. The part of the cylinder exposed to the maximum stress is the top. Here we 
have a solid ring of metal where the head and cylinder join. This is a great aid in resisting 
the bursting effect of the cylinder. As for the holding-down effect it is necessary only to 
assure a ring of metal sufficient to resist the effect of the maximum stress on the piston as a 
tensile stress. As for the head of the cylinder its depth necessary to allow for passage 
makes it well reinforced. The problem seems to be more one of design to assure maximum 
reliability in regard to the quality of the castings. As for the cylinder barrel I have con- 
sidered the use of cast steel cylinder castings with cast iron liners forming the wearing sur- 
face. By some such care as this it seems no more than reasonable to lighten the engine to a 
considerable degree. It hardly seems feasible to lighten the engine by anything which will 
approach the constant pressure type which I worked on for some time and concerning the 
undesirability of which I have assured myself. The weight of the engine must not be reduced 
at the expense of its efficiency or general utility. 

The other point was that brought up by Mr. Donnelly in regard to the possibility 
of in some way storing up air in a highly compressed form for the purpose of running on 
oil power submerged and also to increase the mean effective pressure. I was much pleased 
to have Mr. Donnelly bring this point up. He very correctly said that in a given cylinder 
only a certain amount of atmospheric air could be compressed. With this amount of 
atmospheric air but a certain amount of fuel can be used. If more fuel were injected 
the results would be imperfect combustion without any increase in the power. This is one 
of the points which I have recognized and worked on, and this is the reason for my taking 
up the low-pressure type of engine. Let us assume that we have a Diesel engine of such pro- 
portions that the piston displacement is but one cubic foot. Then with the clearance space 
filled with pure air the contents of the cylinder will be 1.08 cubic feet. This is the most 
favorable case where the scavenging air is used to good effect. The limit of power in this 
engine will be that which can be derived from the use of that oil which will require 1.08 
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cubic feet of free air for its combustion. In the low-pressure type of engine which I am 
designing for the Navy Department, the clearance will be about 17 per cent, and in a cylin- 
der with the same bore and stroke there will be 1.17 cubic feet of free air at the beginning 
of compression. I think that Mr. Donnelly will agree with me in my contention that the 
output of power in my type of engine will be over 8 per cent greater than in the Diesel of the 
same size. When I first proposed this type around 1905 the objection of the original Diesel 
manufacturers was that this engine would have some good points, but it would be more 
bulky than the Diesel. This proves the contrary to be the case. 

Mr. Donnelly did not bring up the matter of efficiency, nor did Mr. Sperry. For this 
reason I will not say much on this point. It will be sufficient to say that this engine which I 
have originated will avoid the slow feeding of the fuel and in this way will gain in efficiency 
over the Diesel. The Diesel idea of slow feeding was originated as a result of the Diesel 
fallacy, which has since been abandoned by the engineers who have made a study of the 
oil engine. The slow-feeding doctrine is the vermiform appendix of the oil engine. 

There is a feature which has been brought into my engine in order to produce the 
desired result in regard to obtaining a low-pressure type of engine, and this feature has 
other uses. For instance, it is necessary to warm the engine in order to use low-compression 
pressures. The only practical way to accomplish this seems to be by the use of steam in the 
jackets of the engine. This steam must be first produced by the combustion of fuel. The 
supply of steam can be maintained by the waste heat of the engine. Now we have a supply 
of heat on the submarine. Is this steam of any use? Mr. Spear and his engineers say 
“No.” I say “Yes.” Perhaps there has been a change of heart in the submarine builders in 
the last five years since this proposition was put up to them. At that time I do not believe 
they even dreamed that submarines would cruise 1,000 miles. They do, however, and have 
developed into real ships in the broadest sense of the word and are no longer dispatched for 
a short dash to perform a special mission and return to their base. A military element must 
be capable of performing its function regardless of conditions. Can the crew do their best 
work if they are confined in a cold, damp vessel? Will it not be a godsend to the crew if 
they can have properly heated quarters, and will not the result of this physical comfort be 
manifested in their spirit and accomplishments? I believe this will be the case. Then again, 
might it not be advisable to give the submarine the ability to make a short spurt of extreme 
speed while submerged? This could be of use either for the offensive or for seeking safety. 
This can be done if there is a steam supply, by running the oil engines as steam engines from 
the steam supply at the same time the motors are running. In this way the maximum 
speed of the submarine while submerged can be greatly increased. When I was a student 
in the naval architectural course at the Massachusetts Institute of Technology I was taught 
that the limit of speed of a ship was caused by the wave-making resistance. I was taught 
that up to a certain point the power needed practically depended upon skin friction, but that 
above a certain point the wave-making resistance came into consideration, and the result 
was that further speed was at the expense of an excessive amount of power. Certainly a sub- 
marine should eliminate this wave-making resistance to a certain degree, at least while sub- 
merged. Might it not be possible to attain a greater speed submerged than on the surface? 
This speed could be maintained for only a short time and it might not be a valuable factor. 
This is a problem for the strategist and not for the engineer. The engineer can give the 
strategist the burst of speed if it is desired. 

There is another point in connection with the present submarine engines. They are 
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advertised to use fuel oil. If we read about the engines we learn that they will use anything in 
the way of fuel. It is a fact, however, that the engines actually demand a high grade of fuel. 
The fuel is known as a “gas” oil. I understand that this oil is the product of distillation 
above kerosene. However the fuel is produced it is a special fuel and very free flowing. 
On the other hand the fuel used under the steam boilers is the residue from distillation. It 
seems to me to be a very weak point in the Navy to use two fuels. Obviously the steam ves- 
sels cannot use the “gas” oil, so it is up to the oil engine to use the heavy fuel. This is 
perfectly practical, but it requires a knowledge of the conditions, and the designing engineer 
must be divorced from his Diesel fallacies before perfect results can be obtained. This fuel in 
the steam vessels is heated before being fed to the furnace. The idea is to render the oil free 
flowing. The same method can be used in connection with the oil engine. Some time ago I 
recognized this fact and filed an application for a patent upon an engine in which I pro- 
vided a tank in which the fuel could be heated in the same manner as it is now heated on 
the steam vessels. This application has been granted recently and will go to issue November 
30. This feature will be incorporated in the engine being designed for the Navy Department. 
The strategic value of this point seems to be considerable. A submarine running short 
of fuel and a long way from her base could procure sufficient fuel from any friendly ship 
she meets. Then the Navy Department will be able to standardize its fuel to the extent of 
eliminating one type of fuel from its stores. This, of course, is a step in the right direction. 
It is hoped that Mr. Sperry and Mr. Donnelly may be more or less satisfied with my 
answer to their questions and that the members of the Society in general may give the 
advisability of the use of steam in connection with the oil engine some consideration. 


Mr. SPEAR (Communicated) :—Mr. Brill has asked whether the information as to sur- 
face and submerged displacement of type “B” in Table I, page 202, is correct. The answer is 
“Yes.” He has also asked for the speed corresponding to the surface radius at 3,000 knots 
of the same design. This speed is 10 knots. In reply to his third question with respect to the 
surface condition of loading of the “K” class, I would say that the displacement given, viz., 
389 tons, is the full-load displacement corresponding to a complete supply of torpedoes, stores, 
fuel, lubricating oil, etc. The corresponding radius of action of this class of boat is 3,150 
nautical miles at a speed of 11 knots. A greater radius than this is obtained when using 
certain reserve fuel tanks, the contents of which are, however, not included in the above 
given displacement of 389 tons. 


Tue PRESIDENT :—The thanks of the Society are due to Mr. Spear for this paper, and 
we also thank Mr. Ewertz for presenting it. 

Our schedule is completed, and I feel we can congratulate ourselves on the quality of 
the papers which have been placed before us, and that during these two days we have had an 
opportunity to renew pleasant acquaintances and benefit by discussions of a highly profes- 
sional value. Our annual meeting ends tonight, when we meet to dine and lay aside for 
the time being our technical duties. We can simply be good fellows and enjoy a good time. 

Mr. Stevenson Taylor asks for the floor. 


Mr. STEVENSON TayLor, Past President:—Mr. President and gentlemen, before we 
close this meeting, The Society of Naval Architects and Marine Engineers has a very pleas- 
ant duty to perform. The ill-health of the president since his election has prevented him from 
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presiding at our meeting until this time, but he has presided over the meetings of the Coun- 
cil as well as the meetings of the Society with admirable skill and dignity. With your per- 
mission, Mr. President, I will ask that a vote of thanks be given to you on your retirement. 
This retirement does not take place until December 31, next, but, fellow members, we will 
have no other opportunity in official manner to present such a vote to him in person. 

I therefore ask that a vote of thanks be given to President Thompson for his charm- 
ing and tactful manner in presiding over our deliberations, and for his valuable interest in the 
Society, which we hope he will continue. 


CHIEF Constructor WasHINGTON L. Capps, Vice-President:—I desire to express my 
hearty concurrence in the words of appreciation and to second the motion of our President- 
elect, Mr. Stevenson Taylor. In this connection, I also take the opportunity of assuring our 
out-going president that we never let go of good things. Our past-presidents are eligible to 
continued hard work, and we shall look forward to the pleasure of Colonel Thompson’s pres- 
ence and assistance on many occasions in the future. 


Mr. STEVENSON TaAyLor:—I will ask for a rising vote. (The members rose.) There 
is no opposition, Mr. President, and I have the honor of presenting to you the thanks of 
the members of The Society of Naval Architects and Marine Engineers for your efforts in 
behalf of the Society during the term of your presidency. 


PRESIDENT THOMPSON :—Gentlemen, it is idle for me to say that I thank you, but I do 
thank you from the bottom of my heart. I thank you for your kind reception. I thank you, 
as I have already done at this meeting, for the consideration you showed me during my 
illness. 

Replying to Admiral Capps, I only want to say, if my health and my life are spared, 
there is nothing that this Society can ask of me that I will not give. 

Gentlemen, I bid you good-bye, until we meet again around the table; and “may God 
be with you till we meet again.” 


The meeting then adjourned. 


Deaths, 1915 


JACOB ROBINSON ANDREWS 


Jacob Robinson Andrews was born in Bridgewater, Mass., on September 
6, 1861, and died in New York City on March 25, 1915, in the fifty-fifth 
year of his age. He was educated at the Bridgewater Academy and High 
School. Of a mechanical turn of mind, he early determined to go into the 
manufacture of machinery and, going to Bath, Maine, in 1879, served his 
apprenticeship in the shops of the Hyde Foundry, afterwards the Bath Iron 
Works, at that place. He soon attracted the attention of Gen. Thomas L. 
Hyde, was rapidly advanced to the position of foreman, and when, about 
1888, the company determined to go into the manufacture of windlasses, 
steerers and other auxiliaries for ships, he was given entire charge of that 
department; and so successfully conducted its affairs that when, a few years 
later, its rapidly growing business required the formation of a separate 
company to handle it properly, the Hyde Windlass Company was organized 
and Mr. Andrews became its vice-president and general manager. A sepa- 
rate plant was built at Bath, which has become one of the most complete 
shops in this country. A foundry was added, and he perfected a metal 
known as Hyde Manganese Bronze, for propeller wheels and similar work, 
in which a very large business is done. 

Mr. Andrews had a very large acquaintance among marine interests of 
all kinds, and was a welcome visitor in every shipyard office in the country. 
His acquaintance with officers of the navy, senators and representatives at 
Washington was also very extensive, and in all matters of legislation affecting 
the vessel interests or the larger questions of the marine policy of the country 
his knowledge was very wide, his views very broad, and his influence very 
great. Always ready to go to any trouble to do anything for a friend, his 
genial nature, unfailing good spirits and great ability endeared him to his 
associates in every way and his death will be greatly mourned, while American 
shipping interests have lost a most earnest and untiring worker. 

Mr. Andrews married, on April 4, 1884, Miss Annie M. Shannon of 
Bath, who, with one daughter, Mrs. Rodney E. Ross of Bath, survives him. 


His beautiful home in Bath was filled with a valuable collection of pictures, 
rugs and bronzes, and he was recognized as an authority in those arts and a 
discriminating collector. Mr. Andrews had been, for several years, president 
of the First National Bank of Bath. He was a member of many clubs, of 
the American Society of Mechanical Engineers, and an associate member of 
the Council of this Society. 


RANSFORD D. BUCKNAM 


Ransford D. Bucknam was born in Hantsport, Nova Scotia, in 1869, 
but was brought to Mount Desert, Me., when still an infant. When he was 
four years old his father was lost at sea. While still a lad he secured a place 
as a cabin boy on a ship plying the Great Lakes. After two years he shipped 
from Boston on a steamship bound for Australia, and was shipwrecked on 
the north coast of that continent. 

Returning to the Great Lakes carrying trade, he became master of a 
whaleback, was promoted to be manager of the Alexander McDougall fleet 
and superintendent of the American Steel Barge Company. He next entered 
the employ of the Pacific Mail Steamship Company and was first officer of 
the City of Pekin, when he was offered the position of marine superintendent 
of the Wm. Cramp & Sons Ship and Engine Building Company. He com- 
manded the U. S. battleship Maine No. 2 on her trial trip and the cruiser 
Medjedia, which the Cramp Company built for the Turkish Government and 
agreed to deliver to them. The Medjedia arrived in the Bosphorus on July 
4, 1904, and the Sultan retained him as naval expert to teach the Ottoman 
sailors how to handle a warship and to shoot accurately. For his services 
to the Sultan he was decorated with many medals and the insignia of the order 
of the Osmanieh. 

After the overthrow of the Sultan (Abdul Hamid), Admiral Bucknam 
was retained in the service and was the leading authority at the Turkish Ad- 
miralty during the Balkan wars. 

Admiral Bucknam died on March 27, 1915, in Constantinople. 


AUGUSTUS JAY DU BOIS 


Augustus Jay DuBois was born April 25, 1849; was graduated from 
the Sheffield Scientific School in 1869, and was awarded the degree of civil 
engineer in 1870 and the degree of doctor of philosophy in 1873. Later 
he studied mechanics for two years at the Mining Academy in Freiburg, 
Saxony, and from 1875 to 1877 he was professor of civil engineering and 
mechanical engineering at Lehigh University. In 1877 Professor DuBois 
was appointed professor of mechanical engineering in the Sheffield Scientific 
Schcol and in 1884 was transferred to the professorship of civil engineer- 
ing, which position he occupied until his death. 

Professor DuBois was the author of some of the best-known treatises 
on mechanics and stresses in the English language. His book on ‘Graphic 
Statics,” published in 1876, was largely instrumental in introducing to Amer- 
ican engineers the graphic method of determining stresses in framed struc- 
tures now so widely used. This was followed by his translations of Ront- 
gen’s “Thermo-dynamics,’ Weyrauch’s “The Calculation of the Strength 
and Dimensions of Iron and Steel Construction,” “Hydraulics and Hydrau- 
lic Motors,” and “ Heat, Steam and the Steam Engine” from Rontgen’s 
“Mechanics.” In 1883 his elaborate and original book on “Strains in 
Framed Structures” took its place as one of the most important contribu- 
tions to engineering literature, being perhaps the first comprehensive treat- 
ment of the subject. A series of books on mechanics culminated in his 
“ Mechanics of Engineering,” published in 1901. 

Professor DuBois was a member of this Society and of the American 
Society of Mechanical Engineers, the American Society of Civil Engineers, 
the American Institute of Mining Engineers, the Connecticut Society of Civil 
Engineers, the Society for the Promotion of Engineering Education, etc. 

He died October 19, 1915. 


CHARLES ANTHONY HARRINGTON 


Charles Anthony Harrington was born on June 29, 1880, at Fall River, 
Mass. On March 10, 1915, he died from tuberculosis at the Naval Hospital, 
Las Animas, Colo. 

He was appointed to the Naval Academy from Fall River and entered 
the service as a naval cadet on July 2, 1900. On February 1, 1904, he 


graduated, standing ninth in a class of sixty-two members. He was sent 
to sea, and while a midshipman performed duty on the Alabama, Eagle, and 
Dixie. On February 1, 1906, he was appointed an ensign, and until August 
25, 1906, continued his sea duty. On that date he was assigned to duty 
in the construction corps of the navy, and in the fall commenced the usual 
graduate course for members of that corps at the Massachusetts Institute of 
Technology. He completed this course on May 15, 1909, and upon gradua- 
tion was assigned to duty at the navy yard, Portsmouth, New Hampshire. 

While on duty at Portsmouth he took a great interest in all matters 
having to do with the scientific study of shop management and contributed 
a number of articles on this subject to the technical and scientific press. 

After three years in Portsmouth he was taken seriously ill with tubercu- 
losis, but in a six months’ sick-leave apparently completely recovered his 
health. 

He was then given temporary duty as inspector of hull material for 
the United States Navy in Pittsburgh, in which position his work was of 
great value to the Navy Department. After seven months he was trans- 
ferred to Long Beach, Cal., as superintending constructor for sub- 
marines building at the works of the Craig Shipbuilding Company. 

After less than a year in this position the old tubercular trouble returned, 
this time so seriously that he was with difficulty transferred to the hospital 
at Las Animas. There he remained until the time of his death on March 
10, 1915. 

Throughout his life, both personal and official, Assistant Naval Con- 
structor Harrington followed the highest ideals. He was energetic and 
imbued with a high sense of duty. Should his life have run the normal 
term he would undoubtedly have made a most enviable name for himself. 


HENRY SELBY HAYWARD 


Henry Selby Hayward was born in Brooklyn, N. Y., September 19, 
1845. His parents moved to Elizabeth, N. J., in 1852, and he was educated 
at the Rev. David H. Pierson’s School in that city. Later he took a course 
in mechanical drawing at Cooper Union, New York City. In 1862 he 
entered the Novelty Iron Works in New York City and served four years’ 
apprenticeship in marine construction work and engineering. In 1866 he 


entered the service of the Pacific Mail Steamship Company, and made the 
voyage on the steamship Montana through the Straits of Magellan to San 
Francisco. He returned to New York by way of Panama. In 1867 he 
agaiil went to San Francisco, this time as assistant engineer on the steam- 
ship Grand Republic. She sailed in September, 1867, as the first regular 
steamer on the Japan and China route of the Pacific Mail service. 

Mr. Hayward returned home in November, 1872, on three months’ 
leave after six years of continuous service, advancing to the position of 
acting chief engineer before his return, but while home decided to resign 
and entered the service of the Pennsylvania Railroad Company, April 1, 
1873, as machinist in the Altoona shops. He was subsequently detailed to 
duty in the draughting room, and in 1874 detailed for special duty on the 
United Railroads of New Jersey Division with title as assistant road foreman 
of engines. He was appointed assistant superintendent of motive power April 
1, 1875, to which the supervision of the marine department was added in 
1881. On October 1, 1882, he was appointed superintendent of motive power 
of the United Railroads of New Jersey Division; he was also made super- 
intendent of motive power of the West Jersey Railroad in 1883, and of the 
Camden and Atlantic Railroad, including the ferries and floating equipment 
on the Delaware River, in 1884. He had supervision of the motive power 
and marine equipment of the New York, Philadelphia and Norfolk Railroad 
from January 1, 1890, until his death. During the eighties he took out 
several patents, including interior check valves on locomotives, one for car 
journal box, another a cut-off valve for marine engine. This cut-off valve 
was largely used by the various ferries in New York Harbor. 

He was a member of this Society and of the American Society of Me- 
chanical Engineers, the Engineers’ Club of New York, Engineers’ Club of 
Philadelphia, American Railway Master Mechanics’ Association, Master Car 
Builders’ Association, and the New York Railroad Club. 


JOHN BROWN HERRESHOFF 


John Brown Herreshoff was born in Bristol, R. I., in 1841. An attack 
of infantile glaucoma destroyed his sight, but his education was carried on 
in the schools of his native town. His bent for mechanism revealed itself 
at an early age, and the handicap of total blindness seemed to serve as a spur 


to his tireless energy. The miniature craft that he built and rebuilt in those 
early years served as the foundation of the skill and knowledge that he later 
turned to such good account. 

At the age of twenty he began the construction of larger craft, and in 
1863 he embarked on naval construction as a business, which he carried on 
for more than fifty years. 

In 1872 he entered into partnership with his brother, and together they 
designed and constructed for the U. S. Government the first torpedo boat, the 
Lightning. 

In 1879 Mr. Herreshoff and his brother incorporated the Herreshoff 
Manufacturing Company, of which he was president and treasurer from its 
formation to the time of his death. 

In 1892 the Herreshoff Manufacturing Company took up the designing 
and construction of yachts, with special reference to building craft that would 
enable the New York Yacht Club to hold the trophy against attack. The 
record of the Vigilant, Defender, Columbia, Reliance and Resolute indicate 
to what height of perfection Mr. Herreshoff’s firm has carried the science 
of naval designing and construction. 

Mr. Herreshoff was a member of the Institute of Naval Architects of 
London and a member of this Society since its organization. He died on 
July 20, 1915. 


ALBERT LLOYD HOPKINS 


Albert Lloyd Hopkins, the son of Stephen DeForest and Elizabeth G. 
Hopkins, was born on September 7, 1871, at Glens Falls, N. Y. His early 
life was passed in that city and in Troy, N. Y., and there his early education 
was received. He died May 7, 1915, at the time of the Lusitania disaster. 

In 1888 he entered Rensselaer Polytechnic Institute for the course in 
civil engineering. He was graduated in 1892 with high honors, and in 
later years the Director of the Institute said of him:—“About 10 per cent 
of those who apply are admitted to the Institute, about 20 per cent of those 
admitted are graduated, and among these once in a while we find a Hopkins.” 

After a few months’ work in an architect’s office in Chicago, in the sum- 
mer of 1892, Mr. Hopkins was appointed to a position in the Bureau of 
Construction and Repair of the Navy Department, at Washington, D. C., 


which position he held for about eighteen months, being sent to Newport 
News, Va., in February, 1894, as a member of the staff of Naval Constructor 
J. J. Woodward, U. S. N., the first superintending constructor assigned to 
duty at the works of the Newport News Shipbuilding and Dry Dock Com- 
pany. 

In the summer of 1897 Mr. Hopkins was transferred from Naval Con- 
structor Woodward’s office and assigned to the Graduate School of Naval 
Architecture at the U. S. Naval Academy, Annapolis, Md., at which place 
he was an instructor and lecturer on naval architecture and ship construction. 

At the outbreak of the Spanish War in April, 1898, the officers and 
students of the academy joined the fleet, and Mr. Hopkins was assigned to 
the naval station at Key West, Fla., the nearest station to the blockading 
fleet operating in Cuban waters. While at Key West he was in charge of 
all the “construction and repair” work done for the fleet at that station. He 
was also active in improving the efficiency of the plant, installing much new 
equipment and increasing its capacity as a repair station for naval purposes. 

It was while engaged in the work at Key West that Mr. Hopkins 
received from the late W. A. Post, Member American Society of Civil 
Engineers, then general superintendent of the shipyard, an offer to return 
to Newport News and enter the service of the Newport News Shipbuilding 
and Dry Dock Company. He accepted, and in August, 1898, returned to 
Newport News as the personal assistant of Mr. Post. 

The able constructive work done by Mr. Hopkins in the years follow- 
ing will always be remembered by those who were associated with him. 
Gifted with a rarely keen mind, he was quick to grasp the essentials of 
any situation. His education and training qualified him to choose unerringly 
the right course to pursue, and his strong will and personality enabled him 
to carry to its logical conclusion the course so chosen. United with these 
strong characteristics were an unfailing courtesy and a consideration for 
others, which endeared him to all his associates. 

In 1905, when Mr. Post was made general manager of the company, 
Mr. Hopkins was appointed assistant general manager, and, in 1911, when 
Mr. Post succeeded to the presidency, on account of the death of Mr. C. B. 
Orcutt, Mr. Hopkins was made manager. 

On the death of Mr. Post in February, 1912, Mr. Hopkins was elected 
vice-president, and became the chief executive officer of the company, with 
headquarters in New York City. In this new field he fully sustained the 
high position accorded to his predecessors, and it was quickly and widely 
recognized that an able executive was directing the company’s affairs. In 
his own profession, and also among the men whom, because of his profes- 


sion, he was called on to meet—bankers, lawyers, and men of large business 
affairs—his influence was deep and ever increasing. His election as president 
of the company in March, 1914, was recognized as a well-earned tribute to 
his ability and his devotion to the interests committed to his care. 

Loyal to his friends and associates, loyal to those who trusted their inter- 
ests to him, loyal always to his own high ideals, well and truly does he deserve 
the tribute expressed in the following telegram sent by Mr. Huntington to 
the company :— 


“Mrs. Huntington and I are distressed beyond expression at the death of 
Mr. Hopkins. We believe the company and all the employees share our 
sorrow and will mourn the loss of a splendid officer and a noble man.” 


To those who knew him best, to his friends and associates of many years, 
the tidings of the Lusitania disaster brought a sure message—well they knew 
that the gentle, kindly courtesy, the ever-present, instinctive disposition to 
serve others before considering himself, would unfailingly include him among 
those who died that others might live. 

In June, 1906, Mr. Hopkins was married to Miss May Davies, of Chase 
City, Va., who, with their daughter, May Davies Hopkins, survives him. 
He is also survived by his mother, of Glens Falls, N. Y., and his brother, 
Charles E. Hopkins, of Hudson, N. Y. 

He was a member of Council of this Society, a member of the Ameri- 
can Society of Naval Engineers, the American Academy of Political and 
Social Science, and an associate member of the American Society of Civil 
Engineers. 


CONSTANTINE JANSSON 


LEOPOLD KATZENSTEIN 


Leopold Katzenstein, a member of the Society since 1893, was born 
July 23, 1843, in Hesse-Cassel, Germany, and died in New York City on 


a a 


December 3, 1915. He received his schooling in Germany, followed by some 
years of invaluable practical training and experience. 

In 1869 he came to the United States, and with characteristic energy 
immediately developed ideas which the wider field of this country afforded. 

He was among the first to realize that steam machinery was to use 
higher pressures, and his first patents were issued to cover what are today 
known throughout the world as Katzenstein’s Metallic Packings. He was 
the recognized pioneer and leader in this field and patented a large number 
of devices covering improvements in this art. Other patents held by him 
covered automatically operated bulkhead or compartment doors for ships 
or mines, lifeboat appliances, etc. He also built up an extensive business 
for the manufacture and repair of machinery. 

He was a member of this Society, the American Society of Naval En- 
gineers, the Railroad Club, the Technischer Verein, and of many charitable 
organizations. 

In a long and honorable business career he established an enviable repu- 
tation for integrity and ability, and his lovable personality brought him a 
host of friends. 

He was of a modest and retiring disposition. He was a high-minded 
citizen. In charity without display he gave generously to the needy. His 
faith in God was steadfast, and as a husband and father he was gentle 
and noble. 


JOHN LOYD 


John Loyd was born in Newton, Mass. He was educated in the public 
schools, followed engineering and entered the Navy at the outbreak of the 
Civil War, serving in the engineering department of several vessels, was com- 
mended for efficiency and honorably discharged at the end of the war. 
Shortly afterwards he started in business in New York, manufacturing 
small machinery parts, in which business he was engaged at the time of his 
death. 


ALEXANDER JAMES MACLEAN 


Prof. Alexander J. Maclean, who died in this city December 19, 1914, 
was born April 2, 1861, at Sheerness-on-Sea, England, where he received 
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his early education and served a seven years’ apprenticeship at H. M. Dock 
Yard School. Later he secured a position as chief draughtsman with ship- 
building concerns at Belfast, Ireland, and Newcastle-on-Tyne, England. In 
1889 he came to the United States, becoming a citizen thereof in 1894, and 
secured employment for a short time with the Government at the Norfolk 
navy yard. Thence he went to William Cramp & Sons Ship and Engine 
Building Company, Philadelphia, where he was employed for about five 
years. 

In September, 1896, he went to Webb’s Academy, Fordham Heights, 
New York City, as professor of naval architecture, a position which he 
held until his death. His technical education and practical experience ac- 
quired in the land of his birth made him a man peculiarly fitted for the 
position. While holding this position he conducted for several years a night 
class in naval architecture at Franklin Institute, Philadelphia, of which he 
was a member, and also another night class at Cooper Union in this city. 
He took great pride in his profession, and because of his large experience 
was frequently called upon to give expert testimony in admiralty cases. 

Together with J. W. Millard he designed and had built in 1906 for 
New York City the ferryboats which were named after the five different 
boroughs. He also designed and had built for the city of St. John the 
ferryboat Ludlow, the first steel boat built in New Brunswick. 


HARRISON BRAY MOORE 


Harrison B. Moore was born in Windham, Me., in 1842, and was edu- 
cated in the public schools of that town. He made his home in New York 
in 1858 and in 1863 started in the lighterage business. When the New 
York Lighterage and Transportation Company was incorporated in 1874, he 
became its president and maintained active connection with the company until 
1905, when he retired from business. He was also a director of the Lake 
George Real Estate Company and of the Theodore A. Crane’s Sons Company. 

Mr. Moore was an enthusiastic yachtsman all his lifetime. He was a 
member of the New York Yacht Club, the Larchmont Yacht Club, the Lake 
George Yacht Club, the Atlantic Yacht Club and the Biscayne Yacht Club 
of Miami. He was the owner of the motor yacht Naya, at various times 
owned other large yachts, including the Marietta, built for his wife, and the 
Onontino, the first 35-mile-an-hour motor boat, built in 1905. 


Mr. Moore was connected for many years with several railroad com- 
panies with the late Collis P. Huntington. When he retired from business 
he sold his water transportation interests to the Lehigh Valley Railroad 
Company. His lighterage boats handled all the iron and steel for the con- 
struction of the Brooklyn Bridge and the Brooklyn Elevated Railroad. 

Mr. Moore was for years prominently identified with the National Guard 
of New York State, having been in 1879 Quartermaster of the Eleventh 
Brigade, with the rank of major, and in 1884 ordnance officer of the Third 
Brigade with the same rank. 

He died on March 4, 1915. 


REVERE BURHAM PULSIFER 


Mr. Pulsifer was born at Manchester-by-the-Sea, Mass., on July 17, 
1889, and was a graduate of the Massachusetts Institute of Technology, 
Class of 1912, Course XIII, Naval Architecture, and after graduation con- 
tinued there as an assistant instructor for one year. Later he was employed 
by the Newport News Shipbuilding and Dry Dock Company, and at the time 
of his death he was connected with the design and scientific section of the 
Lake Torpedo Boat Company. He was a junior member of this Society. 
He died on September 29, 1915. 


FREDERICK GORAHL ROGERS 


Frederick Gorahl Rogers was born in Bowling Green, Ohio, August 
22, 1857, and died December 1, 1914. He attended the public schools of 
Toledo, Ohio, and later Jorden’s College, and entered the machinist’s trade, 
subsequently serving in the engineer’s department of various harbor craft and 
rising to the position of chief engineer of the steamers Macon and Oceanic. 
In 1894 he was appointed chief engineer of the Lehigh Valley Company’s fleet 
and subsequently became superintendent. 


EDWARD SMITH 


MAJOR GENERAL D. S. VASSILIEFF 


Dimitri Stepanovitch Vassilieff, major-general, Imperial Russian Navy, 
was born on February 10, 1871; received his education in the Naval Acad- 
emy (Morskoi Korpus) in Petrograd, and graduated in 1891 with the rank 
of ensign. The first years of his service he spent on board different ships 
of the Imperial Russian Navy, first as watch officer and afterward as watch 
lieutenant. In 1899 he was appointed to the post of paymaster (in the 
Russian Navy there is no special branch for this service, and the positions of 
paymasters are filled by executive officers) on board the cruiser Varyag, then 
under construction at the William Cramp & Sons yards in Philadelphia, Pa., 
and remained on board this ship till the Varyag left the shipbuilding yard. 
This was the first time he came to the States, and during his long stay in 
Philadelphia he became familiar with the English language. 

After the Varyag was completed Vassilieff remained on board that 
ship till 1903. In 1906 he was appointed to the post of commander (first 
executive officer) of the battleship Andrey Pervozvanny. He remained on 
the post only a short time and in the same year was appointed aide-de-camp 
to the Assistant Minister of the Navy, Rear-Admiral Bostroem, and in 
1907 accompanied him on board the imperial yacht Standart when his 
Majesty, the Emperor of Russia, went to Swinemuende to pay a visit to 
the Emperor of Germany. 

In 1909, while commander of the Imperial Russian Navy, he was ap- 
pointed naval attaché to the Russian Embassy in Washington, and shortly 
afterward, in 1911, was promoted to the rank of captain of the Imperial 
Russian Navy for distinguished services rendered to the navy. 

When the war began Captain Vassilieff was in Russia on leave, but 
immediately returned to his post in Washington and took charge of the 
orders that had to be placed in the States on behalf of the Russian Navy. 

A painful disease carried him away in the midst of his activity, and 
he died in the spring of 1915, promoted to the rank of major-general a few 
days before his death. 


CHARLES WARD 


Charles Ward was born in Leamington, England, March 5, 1841, and 
came to America in 1871. He had been trained as a gas engineer in England 
and almost his first work in America was in Charleston, W. Va., where he 
installed the first gas works and later became the superintendent and general 
manager of the company. From this time Charleston became his home. 

Outside of local prominence in western river steamboating, Mr. Ward 
attracted the special attention of the engineers of the country when the 
late Admiral Melville invited the makers of water-tube boilers to compete 
for supplying the boilers for the coast-defense vessel Monterey. Mr. Ward’s 
boiler was tested in 1890 and was noteworthy for the length of the test 
under severe conditions and the excellent efficiency attained. As a result 
four boilers of this type were installed on the Monterey, and he thus has 
the credit of the first installation of water-tube boilers on a large war vessel. 

Even before this, smaller water-tube boilers of a different design manu- 
factured by Mr. Ward had been used in steam launches of the United States 
Navy, and they have given such satisfaction that the Navy Department has 
continued their purchase and use up to the present time. 

Mr. Ward was also a pioneer in the use of screw propellers on western 
river steamboats in the effort to reduce waste and increase efficiency as com- 
pared with the time-honored stern-wheel boats, which are almost exclusively 
in use. Some years ago Mr. Ward carried out a repetition of the famous 
test in England, during the first half of the last century, of a tug of war 
between a screw-propelled boat and a stern-wheel boat of the same power. 
In the later case, as in the earlier one, the screw propeller showed the better 
results. 

Mr. Ward was a man of agreeable personality, who inspired confidence 
and respect in all who were associated with him. He occasionally contributed 
papers to the engineering societies, but, as so often happens, the man of 
deeds was not the man of words, so that his contribution to marine engineer- 
ing was in the courageous development of new ideas rather than in the 
clever telling of what had been done by himself or others. His business, 
which was at first carried out in his own name, later became the Charles 
Ward Engineering Works. He died January 17, 1915. 
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To illustrate paper on “Aecrodynanucal Experiments upon a Yacht’s Mainsail, 
by Professor H. A. Everett, Member. 
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Sw M- Moment of Sail about Mast. 
/ <— re - Transverse Component of Force on Sail. 
Vy in: Sa Sh ha d - Longitudinal Component of Force on Sail. 


<—«« 


ae © - Angle of Boom te Wind. 


x -Coordinate of Center of Pressure qlong 
Line of Wind. 

———————E y - Coordinate of Center of Pressure across 

= on Line of Wind. 

2 - Height of Center of Pressure above Top of 
Boom at Mast. 

fl -HeighT of Bot. of Boom af Mast above pivot. 
2, = 30.t5inches, 2,= 24.05 inches. 


c,d,x,y,z, are unknown quantities to 
be computed. 


c M The forces acting ohthe sail are referred To The 
plane of the boom and mast. 


SIGNS 


% i Equatiens for Solution c,d,%,y,z. 
¢ of Tunnel. oh f Pr : 
Las <& wind (1) 36C, = c(2,+2). 


Ws (2) 36C,=¢(£, +2). 


+6 as shown. 


+x down stream. (3) 36 D, = d(2,+ z), 


+y as shown. (4) 36 D, =d(2, +2). 
+z upwards, 

+c as shown. (5) M = ex+ dy, 
+d down stream. fe). tane ae 
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To illustrate paper on “Aerodynanucal Experiments upon a Yacht’s Mainsail,” 
by Professor H. A. Everett, Member. 


AERODYNAMICAL BALANCE IN Position Betow. Floor or TuNNEL. THE VERTICAL SHAFT 
Proyects Up THroucH FiLoor or TUNNEL AND Carries Mone. 
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To illustrate paper on “Acrodynamical Experiments upon a Yacht’s Mainsail,” 
by Professor H. A. Everett, Member. 


AND TuBEes May BE SEEN 


QUALIZING VANES 
HE TUNNEL 


E 


Ady: 


ND (ENTRANCE) OF 


AT THE FURTHER E 


SEvEN-Foot Suction PRopELLER VIEWED FROM DISCHARGE CHAMBER 
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To illustrate paper on “Aerodynamical Experiments upon a Yacht’s Mainsail,” 
by Professor H. A. Everett, Member. 


lof Mast 
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To illustrate paper on “Aerodynamical Experiments upon a Yacht’s Mainsail,” 
by Professor H. A. Everett, Member. 
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To illustrate paper on “Aerodynamical Experiments upon a Yacht's Mainsail,” 
by Professor H. A. Everett, Member. 
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To illustrate paper on “Aerodynamical Experiments upon a Yacht’s Mainsail,’ 
by Professor H. A. Everett, Member. 
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“Aerodynamical Experiments upon a Yacht's Mainsail,” 


Lo illustrate paper on 


by Professor H. A. Everett, Member. 
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To illustrate discussion by H. DeB. Parsons, Esq., on paper entitled 
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To illustrate paper on “Inland Navigation and Barge Construction vs. lloating Bridges,” 
by J. H. Bernhard, Esq., Associate. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. lloating Bridges,” 
by J. H. Bernhard, Esq., Associate. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. Floating Bridges,” 
by J. H. Bernhard, Esq., Associate. 


ItLustRATING MetHop or CoNSTRUCTION oF MopERN Barce HuL_ts. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. Floating Bridges,” 
by J. H. Bernhard, Esq., Associate. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. [loating bridges,’ 
by J. H. Bernhard, Esq., Associate. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. Floating bridges,” 
by J. H. Bernhard, Esq., Associate. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. lloating Bridges,” 
by J. H. Bernhard, Esq., Associate. 


SeLF-PropeLteD FureL LiGHTErR, wITH ELEvATor. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. Floating Bridges,” 
by J. H. Bernhard, Esq., Associate. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. 'loating Bridges,” 
by J. H. Bernhard, Esq., Assoctate. 


1, NovemsBer 16, 1915, 10 A.M. 


Barce No. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. Floating Bridges,” 
by J. H. Bernhard, Esq., Associate. 
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To illustrate paper on “Inland Navigation and Barge Construction vs. Floating Bridges,” 
by J. H. Bernhard, Esq., Associate. 
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To illustrate discussion by Parker H. Kemble, Esq., on paper entitled “Inland Navigation and 
Barge Construction vs. Floating Bridges,” by J. H. Bernhard, Esq., Associate. 


Garic. Mrsstsstppr River, 1914. 
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Plate 26. 


To illustrate paper on “Variation of Frictional Resistance of Ships with Condition of Wetted 


Surface,” by Nava! Constructor William McEntee, U. S. N., Member. 
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To illustrate paper on “Variation of Frictional Resistance of Ships with Condition of Wetted 
Surface,” by Naval Constructor William McEntee, U. S. N., Member. 
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To illustrate paper on ‘Variation of Frictional Resistance of Ships with Cond:tion of Wetted 
Surface,’ by Naval Constructor William McEntee, U. S. N., Member. 
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To ulustrate paper on “Variation of Frictional Resistance of Ships with Condition of Wetted 
Surface,” by Naval Constructor Wiliam McEntee, U. S. N., Member. 
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To illustrate paper on “Recent Progress with the Active Type of Gyro-Stabilizer for Ships,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “Recent Progress with the Active Type of Gyro-Stabilizer for Ships,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “Recent Progress with the Active Type of Gyro-Stabilizer for Ships,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “Recent Progress with the Active Type of Gyro-Stabilizer for Ships,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “Recent Progress with the Active Type of Gyro-Stabilizer for Ships,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “Recent Progress with the Active Type of Gyro-Stabilizer for Ships,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate paper on “Recent Progress with the Active Type of Gyro-Stabilizer for Ships,” 
by Elmer A. Sperry, Esq., Member. 
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To illustrate discussion by John F. Wentworth, Esq.. on paper entitled “Some C omparisons 


Relating to Electric Propulsion of a Battleship,” by W. L. R. Emmet, Esq., Member 
of Council, 
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To illustrate discussion by John F. Wentworth, Esg., on paper entitled “Some Comparisons 
Relating to Electric Propulsion of a Battleship,’ by W. L. R. Emmet, Esq., Member 
of Council. 
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To illustrate discussion by John F. Wentworth, Esq.. on paper entitled “Some Comparisons 
Relating to Electric Propulsion of a Battleship,” by W. L. R. Emmet, Esq., Member 
of Council. 
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To illustrate discussion by John F. Wentworth, Esq., on paper entitled “Some Comparisons 
Relating to Electric Propulsion of a Battleship,’ by W. L. R. Emmet, Esq.. Member 
of Council. 
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To illustrate discussion by E. H. B. Andersen, Esq., on paper entitled ““Some Comparisons 


Relating to Electric Propulsion of a Battleship,’ by W 
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To illustrate discussion by E. H. B. Anderson, Esq., on paper entitled “'Some Comparisons 
Relating to Electric Propulsion of a Battleship,” by W. L. R. Emmet, Esq., Member 
of Council. 
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To illustrate paper on “Interior Decoration of Vessels,” 
by Harry B. Etter, Esq., Associate. 
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To illustrate paper on “Interior Decoration of Vessels,” 
by Harry B. Etter, Esq., Associate. 
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To illustrate paper on “Interior Decoration of Vessels, 
by Harry B. Etter, Esq., Associate. 
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To illustrate paper on “Interior Decoration of Vessels,” 
by Harry B. Etter, Esq., Associate. 
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To ilustrate paper on “Interior Decoration of Vessels,” 
by Harry B. Etter, Esq., Associate. 
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To illustrate paper on “Interior Decoration of Vessels,” 
by Harry B. Etter, Esq., Associate. 
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To illustrate paper on “Interior Decoration of Vessels,” 
by Harry B. Etter, Esq., Associate. 
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Plate 51. 


by Captain William Strother Smith, U. S. N., Member. 
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To illustrate paper on “Results of Model Tank Experiments to Determine the Action of a 
Ship Brake,” by Captain William Strother S mith, U. S. N., Member. 
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To illustrate paper on “Results of Model Tank Experiments to Determine the Action of a 
Ship Brake,” by Captain William Strother Smith, U. S. N., Member. 
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To illustrate paper on “Results of Model Tank Experiments to Determine the Action of « 
Ship Brake,” by Captain William Strother Smith, U. S. N., Member. 
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Transactions Society Naval Architects atid Marine Engineers, Vol. 23, 1915. Plate 56. 


To illustrate paper on ‘‘Period of Vibration of Steam Vessels,” 
by William Gatewood, Esq., Member. 
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To illustrate paper on “‘Peried of Vibration of Steam Vessels,” 
by William Gatewood, Esq., Member. 
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To illustrate paper on ‘Period of Vibration of Steam Vessels,” 
by William Gatewood, Esq., Member. 
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Transactions Society Naval Architects and Marine 


“Period of Vibration of Steam Vessels,” 


by William Gatewood, Esq., Member. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Lo wlustrate paper on “Data on Hog and Sag of Merchant V. essels,” Plate 60. 
by T. M. Cornbrooks, Esq., Member. 
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To illustrate paper on “Data on Hog and Sag of Merchant Vessels,” Plate 61 


Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. 
by T. M, Cornbrooks, Esq., Member. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 62. 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 63. 


To illustrate paper on “The Application of Small Steam Turbines for Auxihary Purposes on 
Board Ship,” by W. J. 4, London, Esq., and l'rederick D. Herbert, Esq., Members. 


GERMAN AND FRENCH NAVIES. 


x.wW. Brown-Bovert LicntinGc Set, Usep IN 


SEVENTY-FIVE 


of 


Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 64. 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 65. 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W.J. A. London, Esq., and Frederick D. Herbert, Esq., Members 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 609. 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and I’rederick D. Herbert, Esq., Members. 
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To ilustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and 'rederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxihary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D, Herbert, Esq., Members. 
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Transactions Society Navai Architects and Marine Engineers, Vol. 23, 1915. Plate 76. 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
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Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 7& 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D, Herbert, Esq., Members. 
a 
STEAM PRESSURE Pe” yn STEAIT CHEST 


100 125 150 175° 200 2255 250 


4 ESSURE |\CURVA 
GPACIT 


uv) 
Q 


N 
0 
Ry 
Q 
t 
Ry /00 ‘00 
y 
t 
/ 
Q 
yy 


® 

1°) 
& 
Q 


i) 
ie) 
fe) 


STEAT CONSUMPTION LBS PER WH. PHouURr 


STEAM CONSUMPTION 


A 
0) 


5O 
L/ATER-H ORSE-FPOWER. 


PETERS <0, WASHINOTOI, D.C 


THE NORRIS 


me ee 
inh. Seso: atvaed: v. 


fui 
late 


BS ste his 


Ye vane 


ao ago4 aint oY 


cA arurelt Apes OG moolah oA 1 


at Ae. Watest! 


\ Leta 


tn et Sy cal ie 


| 


CS 


jabrwrTh hia, dgotod by - 


m= ae 
> 


SP Re a 


2 te 


a ar entree epee 


S2Py 7 SAVES ATA MASTS 


wre 


i 
\ 


cam 


a 


. 2 a ls ett | ng SO Se 
] 


Sawer -azaoy’s-aatad 


Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 80 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A, London, Esq., and Frederick D. Herbert, Esq., Members. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 23, 1915. Plate 81. 


To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W. J. A. London, Esq., and I’rederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,’ by W.J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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Plate 86. 


To illustrate paper on “The Application vf Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A, London, Esq., and Frederick D. Herbert, Esq., Members. 
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To tlustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “The Application of Small Steam Turbines for Auxiliary Purposes on 
Board Ship,” by W. J. A. London, Esq., and Frederick D. Herbert, Esq., Members. 
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To illustrate paper on “Superheated Steam in Marine Practice,” 
by Henry B. Oatley. Esq.. Member. 
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To illustrate paper on “Superheated Steam in Marine Practice,” 
by Henry B. Oatley, Esq., Member. 
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by Henry B. Oatley, Esq., Member. 
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To illustrate paper on “Superheated Steam in Marine Practice,’ 
by Henry B. Oatley, Esq., Member. 


Fic. 9—WatTKINSON SUPERHEATER. 


Fic. 8—Scumipt Frre-Tuse SUPERHEATER. Fic. 10—TuHe Prirerock SUPERHEATER, 


Plate 95. 


sg., Member. 


by Henry B. Oatley, 1 


a 
oS 
E 
i 
if 
Oy 
a 
a 
fm) 
= 
a 
a 
AY 
H 
2 
a 
i] 
(3) 
E 
ic) 
& 
na 
=z 
=) 
n 
B 
na 
ay 
& 
fe 
i=) 
2] 
> 
A 
iB 
iy 
io 
8 
a 


To illustrate paper on “Superheated Steam in Marine Practice.” 
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SIOTL — 

STEAT ENTERS THROUGH THE VARIOUS SLOTTED OPENINGS 1 THE SIDES 
OF THE OUTER CASING, PISSES OVER THE ORYING TUBES WHERE THE GREATER 
PART OF THE MONSTURE (STARE OUT OF THE STEPIAT. FIV WATER RESTING 
SETTLES IN THE CHANMBERS'G~ GF" AVE 1S ORAINED TO THE LOWER PRT OF THE 
BOL ER BY (PEF "THE STEAIT TRAVELS OVER THE OR VYING TUBES TOWARD 
THE FRONT OF THE SOULE WHERE (7 ENTERS THE SUPERMERTING CHIPTBER 
OVER BAFFLE PL THE STEAIT IS THEN COMPELLED TO PASS (/Y COUNTER- CURRENT 
OVER THE SUPERHEATING TUBES SEVERAL THES QUE TO THE ARRAN GESTED T OF 
BALFLES AS SHOWN) ANDO FINALLY LEAVES THE BOULER ATA PONT WHERE GASES 
OTHE HIGHEST FEPTPERF TURE ARE EVYTERIIYG- 

[TWh L. BE NOTEO THAT WITH THIS ARRANGEITENT THERE CAN BEMO 
POSS/E/LITY OF ANY PIOVSTURE HICH TAY BE CARRIED FLOW G WITH THE STLAVT 
CURRENT ALFECTING THE FIV AIL SUPERAEATTIYG OF THE STEP, FOS TAE PIOWST ORE 
IS EITHER FLL ALS ORBED BY THE ORVING TUBES BEFORE /T EMWTERS THE FUYAL 
SUPERAERTING CHAMBER, OR (S COLLECTED AND ORAIVED OFF 
ALL PLATES ARE PTAOE REPIOVAGLE 11 OROEK TO GIVE AOCESS TO THE SOVLER 
FOR EXASTIN ATION. 
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To illustrate discussion by Luther D. Lovekin, Esq., on paper entitled 
“Superheated Steam in Marine Practice,” by Henry B. Oatley, Esq., Member. 
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Lovekin, Esq., on paper entitled 
by Henry B. Oatley, Esq., Member. 
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